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I. Introduction
w

The study of the relationships between ultra-violet light and
biological materials has become enormously extended in recent
years. The nature of the problems treated is so diverse that
the field is already breaking up into smaller divisions, each of
which is expanding so rapidly that it fully occupies the energies
of students who wish to keep abreast of the developments. As
soon as any field of research reaches these proportions, the
need of critical reviews and extensive published bibliograpliies

becomes increasingly apparent.

The present paper is a critical review covering the effect of
adiation It

possible that no paper has been overlooked, yet it is felt that
ography is essentially complete. Only papers giving

data indicating the significant preseTice of ultra-violet lisht

bibl
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have been included, and many studies on sunlight and on light

from indefinite sources have not been mentioned.

Reviews of ultra-violet physiology containing material on

respiratory phenomena have been published by Euler and

Lindberg ('12), Pincussen ('21a, '30), Meyer ('26), Lippmann

('28), and by Laurens ('33), all of which are either outdated

or inadequate. The best general review, especially from the

viewpoint of biological theory, is that of Pincussen ( '30), while

the most recent work is that of Laurens, which, because of its

wide scope, cannot give an adequate survey of all the pertinent

literature.

11. Basal Metabolism of Animals

A. LOWEEFOKMS

Merker ('25a) was the first to report the respiratory activi-

ties of irradiated lower animal forms. In his earlier experi-

ments he used a 1000-watt filament lamp, and although he

makes no mention of ultra-violet rays, a light operating at such

a wattage must have emitted a considerable amount of the

longer ultra-violet. Merker was primarily interested in the

problem of photosensitization by fluorescent substances. He
treated living earthworms (Lumhricus terrestris) for several

hours with a .001 per cent neutral-red solution, and then rayed

them in a constant-temperature water bath. By determining

the loss of dissolved oxygen from the water inhabited by the

organisms, he calculated the oxygen consumption and found

that it was markedly increased, but he concluded that the met-

abolic effects of the increased movement of the organisms when
rayed could not be separated from the specific effect of irradia-

tion. Later ( '25b) he repeated these experiments with Allolo-

hophora caliginosa, but extended the period of irradiation to 6

hours. An increased use of oxygen was evident for the first 200

minutes, after which there was a decrease. These worms
lived until the next day, but showed definite injury. In yet

another publication ( '25d) these results are duplicated, and

in the following year ( '26) apparently the identical data were

republished.
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These papers were followed by another (Merker and Bran-
nig, '27), which reported the resnlts of raying a number of

species of moist-skinnod animals with the quartz mercury arc

at a distance of 18.5 cm., for various periods. Both Allolo-

hophora and Lumbricus, which were rayed for about 20 min-

utes, showed a decided decrease in oxygen use, and the raying

of Gammarus pulex L., a swimming amphipod crustacean, for

54 minutes resulted in a very great decrease. In all cases of

injury to the oxygen consumption, the termination of the ir-

radiation allowed the return to about the normal rate. This

return to normality was temporary, showing that the organ-

isms had been permanently injured. Studies with filters

showed that the injurious region was between 3660 A and
3840 A and that red light, 7800 A to 6500 A, had no effect.

Merker 's experiments were not subject to definite interpre-

tation because the organisms were stimulated to active move-
ment, but this difficulty was satisfactorily met by Sonne ( '26,

'29). He used the pupae of meal worms, which show no move-
ment when irradiated and have no disturbing food factors. In
his earlier paper, he reports that the unscreened mercury arc

produced a 40 per cent increase of oxygen use with an exposure
of 45 minutes, and that the pupae turned black and died in a
few days. Pupae rayed under a glass filter or through solu-

tions of methylene-blue or potassium bichromate apparently

were uniniured, althoudi the oxyiren stimulation was 20. 10.

andO of excised

responded to heat, as did living tissue, but there was no re-

sponse to irradiation. Sonne concluded that the action of light

must depend on the presence of nervous and vascular tracts,

and hence he made the unwarranted assumption that mineral
metabolism must have been concerned in some way.

This work was carefully repeated three years later. The
pupae rested on a thermo-needle which indicated any rise in

temperature during the raying. Tlie temperature of the water
bath was so varied that no significant temperature change oc-

curred in the organism. The open flame of a Kromayer lamp
was used, as well as various filters, the irradiation lasting 30

minutes to 1 hour. The full arc £rave a 40 Dor cent incrpaso in
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the oxygen uptake, a blue filter gave a 10 per cent increase, and

a glass filter passing the visible and near ultra-Violet gave an

increase of 20 per cent. Sonne ('29) stated again that an in-

crease in metabolism must bear some relation to the beneficial

effects of raying on mineral metabolism. There is no evidence

to support this assumption, for, as will be shown later, there

is no undoubted metabolic change of human patients when
rayed with the usual therapeutic doses.

Wickwire and Burge ( '27) studied the effect of irradiation

on the sugar assimilation of Paramecium caudatum. They

used a Cooper-Hewitt mercury arc, operating on 170 volts and

3.5 amperes. Five cc. of the washed and centrifuged organisms

were added to 100 cc. of a .1 per cent solution of dextrose, levu-

lose, or galactose. The suspensions were rayed for 10 hours at

various distances, after which the amount of sugar remaining

in the solution was determined. "When the raying was carried

out at a distance of 50 cm., all the cells were killed and the

sugar use was lowered 80 per cent. Whenrayed at 400 cm., the

lowering was 35 to 40 per cent. In the latter instance, the cells

were as active as the controls and appeared to be uninjured. In

view of the fact that the activity of insulin is destroyed by

ultra-violet light, these authors added insulin periodically to

the solution and found that the lowering of the sugar use was

prevented. It was concluded that the ultra-violet light affected

the Paramecia by destroying their insulin. Absorption spectra

showed that the cells absorbed some of the shorter waves, but

that no bands were completely removed. Ultra-violet is ab-

sorbed so variously by organic substances that no physiological

significance can be attributed to the specific absorption that

these authors obtained.

Eoskin and Schischliajewa ( '34) obtained irregular results

when they studied the effect of ultra-violet light on the oxygen

uDtake of Paramecium, although thev concluded that in ffen-

consum

B. VEETEBRATES

1. Entire organisms. —Various vertebrates were studied by

Merker in connection with the problem of photosensitization.
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He treated ('25a) the overwintered larvae of Alytes, a genus
of obstetrical toads, the summer carp, and " Schlammpeitz-
ger, '

' an indefinite term for the Cobitidao, an Old-World family

of small fishes, for several hours in .001 per cent neutral-red.

found that the illumination by a 1000

table In a series of papers he reported
this generally true. However, irradiation from the mei

Gamm

ays gave an important decrease in oxygen uptake. The
by MerkerandBraunig ( '27) describes experiments with

iriis pulex (young white fish), Gasterosfeus aculeatus
stickleback fish), Rana esculent a, and larvae of Molge

cristata and M. taeniafa (both belonging to the Old- World
salamanders).

Harris ( '25a) rayed rats in a small quartz respiration cham-
ber with either a mercury arc operating on 1/2 kilowatt, or a
carbon arc operating on 14 kilowatt. He used the full arc, the

visible only which he obtained by a plate glass filter, and ultra-

violet only obtained by a ''Blue XJviol" filter which passed
rays between 2910 A and 4360 A. A constant temperature was
maintained and the carbon-dioxide elimination was estimated
at 15-minute intervals with an accuracy of ± .5 per cent. The
results were calculated in terms of mgms. of carbon dioxide
eliminated per square cm. of body surface. In one experiment
neither the unscreened arc nor the visible alone gave a sig-

nificant effect, but ultra-violet produced a definite stimulation.
This author concluded that visible light nullified ultra-violet

stimulation by a physiological antagonism, and not by any
physical interference, and he made the interesting comment
that this is the reason that human subjects suffer less in sun-
light tlian when irradiated by equivalent dosages of pure
ultra-violet.

It is not possible at the present time to conclude definitely

concerning the physiological antagonism of different wave
lengths of light. This phase of the problem must wait for the
fuller development of monochromatic studies.

The work of Harris was questioned by Campbell ( '26). He
studied mice and rats in a constant-temperature chamber. The
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unscreened illumination of a Cooper-Hewitt mercury arc, oper-

ating on 110 volts and 3.5 amperes, at a distance of 25 cm., was
used for the first IV2 hours, a ''Blue Uviol" filter for the next

11/2 hours, and then an opaque screen for the next similar

period. He found no metabolic effect, either immediate or de-

layed, of any of these spectrum regions.

The question was reopened by Crofts ('28a), who criticized

previous students because they did not keep the rayed animals

under observation for a sufficiently long period after the ir-

radiation. She used canaries, because of their marked physio-

logical sensitivity, and observed their oxygen use for a

period of 6 days after irradiation. A Hanovia mercury arc

was the source of illumination, at a distance of 25 cm., for a

period of 10 minutes, this being equivalent to 14 lithopone

units. The feathers were removed from the under side of the

body to expose the skin. There was usually an abrupt drop in

oxygen use immediately after raying, which averaged about

14.1 per cent. Single heavy doses caused a belated rise after

the preliminary drop, averaging 21.6 per cent. Still heavier

initial doses extended the period of depression. Daily rayings

gave the usual depression, but no subsequent rise. It is par-

ticularly significant that there was no relationship between

size of dosage and the amount of depression or elevation. This

agrees with the present authors' results on yeast, which is re-

ported in the third paper in this series, but it is improbable that

similar mechanisms are involved.

Hardy ( '28) extended the work of Crofts to rabbits, and in-

creased the period of observation to 12 weeks. She used single

doses of 24, 60, and 90 lithopone units, and also daily doses of

20 and 30 lithopone units which gave a total of 120 and 180

lithopone units respectively. She found no effect on the rest-

ing metabolism.

During the same year, Vasetko ('28) rayed white mice for

3 minutes with a mercury arc of the artificial sun type at a dis-

tance of 30 cm., and measured the heat production in a calo-

rimeter for 10 hours. The heat production increased slightly.

No observations were made on gas exchange.
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2. Individual tissues. —The first observation on tlie effect of

ultra-violet on the respiration of individual tissues was made
by Gottschalk and Nonnenbruch ('23). They ground 2 gnis.

of frog muscle in 10 cc. of water to which .2 gms. of m-dinitro-

benzol had been added. The preparation was rayed with a

mercury arc at a distance of 70 cm. for periods of 15 to 90

minutes. Exposures of 45 minutes or less increased the oxy-

gen use, the maximum stimulation of 24 per cent occurring

with 30-minutc exposures. Dosages of 60 minutes or more
were depressing.

Wohlgemuth and Szrirenyi ( '33c) placed the tissues of liver,

kidney and skin in Ringer's solution, and studied the gas ex-

change by the manometric method of Warburg. A 75-watt

lamp was suspended in the water bath 10 to 12 cm. from the

vessel containing the tissue. In the absence of photosensitizers

there was either no effect on the oxygen absorption or a slight

depression, but in the presence of haematoporphyrin, there was

a well-defined stimulation. This photosensitized fraction of

the oxygen uptake apparently was not normal respiration,

since it was not affected by temperature and since ]\[/300 KON
not only did not inhibit it but actually had a stimulatory effect.

Other experiments were carried out with a carbon arc drawing

30 amperes and with a quartz mercury arc. In these instances

the light was removed 50 cm. from the vessels containing the

tissues. In the presence or absence of sensitizers (haemato-

porphyrin or Bengal-rose) there was a decrease of the oxygen

use. The sensitizers alone caused a decrease of 6 to 22 per

cent, but when rayed with sensitizers the decrease was 17 to 43

per cent.

Guinea pigs tliat had been injured by raying usually showed
an increased tissue respiration of the excised organs, and also

occasionally an increase of anaerobic glycolysis. The authors

postulated that these effects were pi-obably due to the forma-

tion of toxic substances during the raying. They also ('33a)

studied the effect of raying normal tissue of liver, kidney, skin,

brain, and retina of guinea pigs. In the presence of sensitizers,

irradiation with a carbon arc decreased oxj'^gen use, probably

because of a photo-oxidative destruction of protoplasm. If
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sensitized guinea pigs were rayed until they showed acute

photo-dynamic injury, the excised tissues showed an increased

oxygen use, probably due to the formation of a toxic substance.

Since Ellinger had shown that ultra-violet irradiation

changed histidin to histamin both in vitro and in vivo, Wohlge-

muth and Szorenyi (33b) attempted to show that histamin

would call forth the same physiological effect as irradiation.

Histamin stimulated the oxygen use by kidney, liver, brain, and

skin, but Jensen sarcoma was unaffected.

3. BiocJiemical studies. —Pincussen ('21a) attempted to

show an analogy between the action of ultra-violet on oxalic

acid in vitro and in vivo. If oxalic acid is destroyed in vivo,

then determinations of this substance in the urine can give no

picture of oxidation within the body, and this uncertainty is

further increased by the doubtful significance of its presence

in the urine. In studying this problem, Pincussen injected

oxalate subcutaneously into the rabbit, and then rayed the ani-

mal with a carbon arc. In control animals, 75 per cent of the

added oxalate was recovered in the urine, but when the animals

were sensitized by eosin or by the sodium salt of dichlor-

anthracenedisulphonic acid, only about 45 per cent of the oxalic

acid could be recovered. The conclusion was that oxalic acid

was an end product of normal metabolism, and that irradiation

caused the oxidation of the acid. By chemical analogy, the end

product of the raying must be carbon dioxide and water.

Biochemical changes connected with metabolism were studied

particularly by Pincussen and Zuckerstein ( '29). Guinea pigs

were fasted several hours, with and without previous eosin

injections, then rayed, and killed 30 minutes later. A study of

the individual organs showed that fat markedly increased in

the serum but cholesterin did not change, while in the heart and

liver, fat decreased but cholesterin increased. Eosin injection

increased the magnitude of these effects. In the kidney, fat

changed but little and cholesterin increased. The previous

injection of eosin diminished cholesterin. In muscle, there was

but little change in the absence of the eosin, but with it present

fat was lowered.
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111 a further study of the biochemical changes in separate

organs, Pincussen and Kawakami ('29) used a mercury arc

operating on 140 volts and 4 amperes. Rats were rayed at a

distance of 15 cm. for 30 minutes, after which they were killed

and the organs removed. The liver and muscle showed an in-

crease in glycogen and a decrease in lactic acid. The tables

included in their paper show that the ratio, glycogen : lactic

acid, is increased in the liver about 55 per cent and in the muscle

about 45 per cent. In the heart no significant difference was
found. The increase of carbohydrate in the organs of rayed

animals had already been reported by Jacoby. The change in

the glycogen : lactic acid ratio involves, according to these

authors, a lower catabolism of carbohydrate, and probably also

an increased synthesis, and the relation of these results to

diabetes was suggested. Raying induces for a sliort period a

small increase of blood sugar followed by a decrease. In

diabetics, the sugar in the urine is also decreased, this being

explained not by an increased oxidation of sugar but by its re-

tention and storage in the liver and muscle as glycogen.

In later experiments, organs were removed from normal
rats, minced, suspended in a thin layer, and then rayed with a

mercury arc. The fact that results were not consistent indi-

cates the possilnlity that the specific reaction of living animals

to ultra-violet might not be due to tlie action of the irradiation

as such, but rather to secondary reactions due to a generally

disturbed metabolism.

Wohlgemuth and Szorenyi (33a) reported that ultra-violet

increased the anaerobic lactic acid formation in the absence of

sensitizers, but diminished it in thuir presence. The source of

radiation was either a carbon arc or mei'curv arc. Anaerobic

t> by the tissues of guinea jiigs in tlie presence of

shown ( '33c) to be injui-ed by intensive rayin,

a carbon arc. In the absence of sensitizers the glycolysis re-

action was increased. Since ultra-violet irradiation had been
shown to change histidin to histamin in vivo, they ('33b)

studied the effect of histamin directlv. Alfhm gh
d, anaerobic lactic acid formation

changed



1935]

WYND& EEYNOLDS—ULTRA-VIOLET. I 781

C. HUMANSUBJECTS

1, Irradiations from artificial sources. —Hasselbalch ('05)

was the first to record the effect of ultra-violet on human me-

tabolism. This worker rayed himself under carefully con-

trolled conditions with a carbon arc, operating on 65 volts and

150 amperes. Relatively heavy exposures of about 1 hour were

used, with the result that the frequency of inhalation was

lowered, but the amplitude increased, the total ventilation

therefore remaining unchanged. This condition may last for

several days, and frequently longer than the erythema.

Durig, Schrotter, and Zuntz ('12) also found a slower

rhythm of inhalation. The effect on actual metabolism was not

definitely demonstrable, although their tables do show an in-

creased use of oxygen by some subjects.

The results of raying patients suffering from various heart

diseases were reported by Rubow and Sonne ( '12). The carbon

arc caused reduced frequency of inhalation and an increased

amplitude, which were progressive in magnitude as the daily

rayings continued. These results agree with those obtained

by Hasselbalch on healthy patients. Rubow and Sonne ob-

served that the development of erythema was necessary for the

changes in inhalation and that super-sensitive patients who de-

veloped erythema with 5- to 10-minute exposures exhibited the

typical reactions.

These data were verified by Austgen ('19), who rayed

tubercular patients twice a week with the mercury arc at a dis-

tance of 70 cm., the dosage being increased from 3 to 20 minutes

at each exposure. His results were very irregular. Of 70

patients, 35 showed no change, in 21 the rhythm of inhalation

was increased, and in 14 it was lowered.

:fiderer ('22) also studied this problem and reported that

short exposures to the mercury arc had no effect on alveolar

carbon-dioxide tension, but that moderate doses increased it,

and large doses lowered it. These effects were found to be in-

dependent of the development of erythema.

Kestner, Peemoller, and Plant ( '23) observed an increase in

oxygen use unless erythema developed. Their subjects had
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fasted 12 hours, and were then rayed with a mercury arc at a
distance of 50 cm. Animals with hair showed a reaction similar

to the human subjects who developed pigment. These authors
point out that the increase in oxygen absorption depends on the

activity of the chemically active rays, and on the absence of

heat rays. Since the application of heat to warm-blooded ani-

mals decreases their heat production this factor would counter-

act any stimulatory effect of the ultra-violet. This problem
will be discussed more fully under the topic, ''Theoretical

considerations."

Several papers by Kestner and his co-worke
'27) reported increased metabolism due to intense sunlidit.

Contrary to Kestner, Kroetz ( '24) found that even though
theiua always developed physiological changes occurred. The
blood showed a temporary acidosis, followed by an alkalosis

which was maintained for about a day. He attributed a stim-

ulation of the respiratory center to the general effect of raying
the organism. The presence of eosin did not influence these

results.

Fries' ('25) experiments with children were carried out

from December to March, since tlie ultra-violet from the sun
is not strong enough during these months to confuse the re-

sults. Three children were kept on a controlled diet for one
month, during which time their basal metabolism was deter-

mined three times a week. Thev were then ra^ ed
ovian mercury arc under various conditions, and the basal

metabolism again determined three times a week. Each de-

termination followed the raying by 20 to 70 hours. One patient

was rayed 20 times in 24 days, one at irregular intervals, and
one 7 times in IG days. The exposures were at 24 inches at first,

then lowered to 16, and began at 3 minutes and were gradually
increased to 15. All three subjects became pigmented. Two
other children not under controlled conditions were rayed.
None of these 5 jiatients showed any increased metabolism. In
two children rayed in the month of April to May, the metab-
olism rose after the third and fifth treatment and then fell

13 per cent and 11 per cent below normal. The ultra-violet
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from the sun may have confused these results. The work of

Fries shows that any prolonged rise in metabolism is not usual,

and that although individual variation may influence the re-

sults, certainly the clinical improvement in malnourished chil-

dren as a result of raying does not depend on an increase in

metabolism.

Fries published later ('27) on the same problem and again

found that the metabolism of rayed children did not vary more
than 10 per cent. This is an insignificant variation in view of

the inaccuracies of determining basal metabolism. In the

same year. Fries and Topper ('27) extended the study. The
patients were rayed 3 times each week at 20 inches with a mer-

cury arc. The first exposure was 3 to 5 minutes, on the chest

and back, and each succeeding exposure was increased 2 to 4

minutes. All patients developed good pigmentation. In the

previous experiments, the metabolism determinations were

made 20 to 70 hours after the irradiation, but in order not to

lose immediate effects the determinations were now made be-

fore and after each treatment and also 2 and 6 hours later,
r

There was no change in metabolism, pulse rate, or blood pres-

sure, that exceeded experimental error.

Amore extended study was made by Mason and Mason ( '26)

who rayed 10 patients with the unscreened mercury arc. Eight
w

showed a notable lowering of heat production and a lower pulse

rate. In no instance was an increased metabolism observed.

The subjects showing a depressed metabolism were referable

to two groups: (1) normal patients who pigmented well; (2)

patients having an increased amount of circulating bilirubin.

The 5 individuals of the first group showed a lowered metab-

olism of 13.8, 15.6, 14.5, 7.8, and 10.5 per cent, which was pro-

portional to the degree of pigmentation. Sometimes this

lowered rate persisted as long as 23 days after the raying

ceased. The 3 patients constituting the second group showed

inhibitions of 24.1, 24.5, and 8.0 per cent. The interesting

theoretical significance of these results are discussed under the

heading, ''Theoretical considerations."

Eichelberger ( '26) rayed 9 womenand 2 men in order to de-
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termine whether creatinine was connected with respiratory

metabolism. The fact that changes in creatinine excretion had
no effect on metabolism convinced this author that they were
unrelated.

2. Irradiation as a climatic /acfor.— Hasselbalch and Lind-

hard ('11) reported that with increasing altitude there is an

increasing sensitivity of the respiratory center. This effect

was attributed to tlie increased ultra-violet reaching the sub-

jects from the rays of the sun. During tlie first day at a high

altitude, there is an abnormally great sensitivity of the respira-

tory center, but physiological adaptation soon allowed a re-

covery. The final condition was a subnormal sensitivity.

These authors believe that the lowered frequency and deepened

amplitude of inhalation were due to the reduced tonus of the

vessels in the skin.

A lengthy report, which unfortunately was based on scanty

material, was published by Durig and Zuntz ('12). At a

higher altitude the respiratory quotient remained constant,

although the alveolar carbon dioxide and oxygen tension de-

creased proportionally to the altitude. The body temperature

was not affected. An increased frequency of breathing was
shown by 2 subjects, while 1 showed an increase. The ampli-

tude of inhalation also was decreased in 2 subjects, but in-

creased in 1. These results are obviously unconclusive. In the

same year, Durig, Schrotter, and Zuntz (12) attempted to cor-

relate high altitude effects with those produced by artificial

raying. The result of raying depended on the individual and
on the intensity of exposure. The alveolar carbon dioxide was
reduced, and many subjects showed a decreased frequency but

a greater amplitude of inhalation. It was concluded that

climatic effects had no correlation with those of raying.

Kestner and his co-workers have maintained in a series of

papers that the short-wave irradiation in high-altitude sun-

light stimulated human respiratory metabolism. Kestner,

Peemoller and Schadow ('27) reported the results of 5 men
ascending a mountain, each person making metabolism tests

on himself. The locality was chosen so as to obtain the most in-



1935]

WYND& REYNOLDS ULTRA-VIOLET. I 7oO

&

tense solar rays possible, but at an altitude of less than 3000 m.

so that the oxygen pressure would not be a disturbing factor.

The intensity of the radiation was measured by a cadmium

cell and an electrometer. This cell almost exclusively reacts to

;hs less than 3200 A. Dorno had shown that this

e most physiologically active on man. This climatic

study showed that this spectrum region stimulated respiration

and gas exchange. Through over-heating the metabolism was

greatly reduced. Wave lengths less than 3200 A were called by

these authors the ''Ea" rays. This is an unfortunate term,

since it might reasonably be confused with radium emanations

if the student were not familiar with the details of the experi-

mental procedure.

During the same year, Kestner and Schadow ('27) reported

a similar study carried out at the Jungfrau Pass. The rays

shorter than 3200 A again stimulated the oxygen use. These

authors state that the diminished oxygen pressure at this

altitude caused a deepened amplitude of inhalation. The ^

' Ra "

rays appeared to penetrate relatively thick masses of clouds,

and the reflection from the snow was also found very important.

Crofts ('28b) rayed 2 subjects with a ''Uviarc" which gave

6.6 lithopone units of ultra-violet in 8 minutes at 18 inches.

The dosages were as follows : 5 L. U., 61/2 L. U., a total of 20

L. U. distributed over a series of rayings, incrementally re-

peated rayings giving a total of 171/2 L. U., 3 large doses giving

a total of 19.8 L. U., incrementally repeated rayings giving a

total of 44.9 L. IT. distributed over a period of 6 days. Even

though these dosages were in excess of usual clinical treat-

ments, there was no appreciable effect on metabolism.

A very excellent review by Lippman ( '28) contains the gen-

eralization that ultra-violet in low erythema doses increases the

oxygen use during the period of exposure 5 to 10 per cent.

After 30 minutes, the oxygen consumption falls, often below

normal.

A report based on copious clinical material by Lippmann and

Volker ( '28) is one of the most important contributions in this

field. Dosages varied between 1.5 and 6.5 erythema units.
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During the actual raying there was an increase in metabolism
of 10 to 18 per cent, this stimulation not dejoending on the size

of dose nor upon the intensity of the developing erythema.
The fact tliat mere uncovering of the patients produces some
increased metabolism lessens the significance of the results.

The respiratory quotient showed a slight lowering, perhaps
due to oxidation of the non-carbohydrate substances which Pin-

cussen considers to be proteins. These authors believe that the

variations which they obtained in the respiratory quotient

were too small and variable to be significant. The volume and
frequency of breathing also remained unchanged. There was
no time effect during the 24 hours of observation after the ray-

ing. There was no significant change in nitrogen metabolism,
and the slight decrease in the blood sugar was within the limit

of usual variations, being from .32 to .27, .30 to .25, and .24

to .20.

Tjchmann and Szakall ('32a) reported that raying laborers

with a mercury arc at weekly intervals lowered their basal me-
tabolism 10 to 15 per cent and increased the capacity for work

60 per cent. There was a decrease in the oxveren debt.to

These effects were thought to be similar to those of muscular
training. Another experiment ( '32b) reported that when the

same subjects were rayed, but with a screen Interposed which
eliminated the ultra-violet without their knowledge, the in-

crease In work capacity did not take place. Rubow and Sonne
('12) had reported previously that patients suffering with
heart diseases reacted favorably to irradiation and that their

capacity for muscular work increased.

In a more complete study, Lehmann ( '33) rayed a patient for

5 minutes and then measured the heat production hourly for

22 hours. There was a small increase until 7 hours after

raying, at which time erythema developed. From this point

onward there was a progressive decrease, although sometimes
the value was still above normal for several days. In another
experiment, weekly averages were obtained for 17 weeks. Dur-
ing the fourth week, the ultra-violet dosages were 3 minutes,
and in succeeding weeks they were increased to 6, 10, 15, 20, 30,
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and 40 minute during the remaining 5

weeks. The results are very definite, and the curves repre-

senting them are among the best that have appeared. The

elimination of carbon dioxide showed no important change,

while the oxygen use decreased continuously until the rayings

were stopped and then showed a progressive return to the

normal during the succeeding 5 weeks. The curve representing

heat production parallels very closely the above oxygen

changes. The oxygen debt also was parallel to that of heat

production.

D. THEORETICALCONSIDEEATIONS

It is difficult to come to positive conclusions concerning the

of animal metabolism At first

glance the experiments of Merker and his co-workers on lower

forms show that a 1000-watt filament lamp increases the oxy-

gen uptake, but that a mercury arc always decreases it. How-

ever, the presence of eosin confuses any determination of what

wave lengths are effective, and, as he himself admits, the in-

creased movement of the rayed organisms may have caused

the increased oxygen uptake. Also, the method by which he

determined oxygen use is open to criticism, and the curves

which he published are extremely unsteady. However, if we

give full credence to Merker 's results, raying eosin-treated

organisms with a 1000-watt light caused an increase of oxygen

uptake which resembled that produced by increased tempera-

ture. These experiments contribute but little to an ultimate

theory of ultra-violet physiology.

The fact that Sonne used pupae, which showed no movement

when rayed, and that he used a mercury arc, a much more

potent source of ultra-violet, makes his experiments of more

significance. He obtained an important increase in oxygen

use. Although his organisms were injured, making it impos-

sible to draw conclusions concerning the effects of ultra-violet

itself, yet this author's work is the best evidence available that

lower forms are stimulated in their oxygen uptake by ultra-

violet light.
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The work on vertebrates may be summarized with greater

assurance. In the absence of factors depending on pigmenta-

tion, it is probable that such sensitive organisms as canaries,

and, to a lesser extent, white mice, etc., may show increased

metabolism. But oven here the results are irregular. It is to

be noted emphatically that the dosages given in such experi-

ments are greatly in excess of any that might be given thera-

peutically to human beings, and any suggestion that ultra-

violet light owes part of its clinical effect to increased rcspira-

tional metabolism is without foundation.

The above statement is made with full knowledge of the very
positive opinion of Warnshius ('33). This author states that

ultra-violet irradiation of human patients "is the most valu-

able and perhaps the most positive means for the improvement
of This paper contains a larsre amount
of loosely organized theory purporting to show that ultra-

violet light has a greater anti-rachitic power than vitamin D,

which he attributed to the improved oxidative power of the

blood enzymes. He further states that vitamin T) is probably
only another oxidative enzyme or a precursor or an intermedi-

ary of other oxidases. Ultra-violet acts, then, by activating the

oxidizing enzymes and this affects the mineral metabolism.
This theory cannot be substantiated by data in the literature.

Ultra-violet experiments with human beings have not always
been above criticism. Scanty clinical material, poorly con-

trolled conditions, and faulty technique have thrown an un-

deserved appearance of futility in this field of research. After
evaluating the various published results on the basis of the

conditions under which they were obtained it is fairly certain

that ultra-violet irradiation gives no stimulation of respira-

tory metabolism. If the effects of irradiation are influenced

by pigments, such as melanin, bilirubin, etc., there is a decrease
ill oxygen use because the pigments degrade the Incident ir-

radiation into the longer wave lengths. The total effect is,

then, the same as the addition of heat to the body, and conse-
quently there is need of less intracellular oxidation. This
viewpoint might be conclusively checked by raying negro and
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white patients. The difference in pigmentation is here so great

that there should be a marked drop in oxygen nse by the colored

patients long before the pigments could develop in the white

patients, and the usual unavoidable variations should become

insignificant.

Merker ('25c), in a long review of the biological effects of

fluorescent dyes, suggests that they may act either as oxygen

carriers, or under other conditions they may destroy cellular

oxidizing mechanism. These suggestions are worthy of con-

sideration, but it is possible that fluorescent substances inhibit

by some physiological effect, depending on their emission

spectra.

The mechanism by which photo-sensitizers affect oxidation

is still controversial. Gaffron ( '33) believes that the oxidizing

effect of irradiated dye solutions depends on an activation of

the oxidizable substance. An extended study of this problem

was carried out by Kautsky, Bruijn, Neuwirth, and Baumeister

( '33). They believe that the photodynamic effect of a fluoresc-

ing dye is due to a meta-stable condition of oxygen. The oxy-

gen absorbs energy from the fluorescing dye molecule and

thereby causes fluorescence to disappear. Since the meta-stable

oxygen has a finite time existence it may diffuse away from
the point of activation to an oxidizable body which is itself not

irradiated. This mechanism was convincingly demonstrated

by irradiating tryptoflavine and observing the resultant oxi-

dation of leuco triphenylmethane and also leuco malachite

green. These reduced dyes were maintained in silica jell some
distance from the point of irradiation.

The statement of Wickwire and Burge ( '27) that ultra-violet

inhibits the oxygen use of Paramecia by destroying the activity

of insulin is suggestive, but it seems a far cry to assume that

these organisms are so similar to higher forms as to possess

an identical mechanism of sugar utilization.

The reports covering the stimulation of metabolism by solar

rays and under various climatic conditions are subject to too

much criticism of technique and are based on insufficient ma-
terial to be of theoretical importance. This is also the attitude

of Flickinger ('26).
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III. Metabolism of Plants

A. ruNGi

1. Bacteria. —Sclimtzler and Henri ('09) were the first to

observe the effect of radiations from a mercury arc on bacterial

metabolism. They studied acetic acid fermentation of various

wines, red Algerian, white Algerian, and a mixture consisting

of 100 parts of wine, 200 i)arts of water, and 4 parts of glacial

acetic acid. The solutions were irradiated at a distance of 15

cm. in 50-cc. samples, 1 cm. deep, and in 200-cc. samples, 4 cm.

deep. An exposure of 30 minutes completely stopped acetic

acid fermentation, while shorter exposures were inhibitory to

a less degree. Special tests indicated that the ozone formed by

the ultra-violet light was without effect, and that wave lengths

shorter than 3021A constituted the effective spectrum region.

It is particularly significant, as will be pointed out later, that

if the wine were rayed in the absence of oxygen the ultra-violet

was without effect.

This paper was followed by a more complete report the fol-

lowing year ( '10). The irradiation was carried out as before,

and the cultures watched for 3 to 9 days in a water bath main-

tained at 25° C. The experimental solution consisted of 100

parts of red wine, 200 parts of water, and 4 parts of glacial

acetic acid. Irradiation for 30 minutes decreased the amount
p

of acetic acid from the control value of 5,90 to 5.05 per cent.

Shorter dosages were proportionally less inhibitory. The fact

that even 40-minute rayings were without etfect in the absence

of oxygen emphasizes their previously published results.

Traces of hydrogen peroxide gave not only similar inhibitory

results but also produced the same color changes in the wine

as did irradiation. Hence it was concluded that the toxic effect

of ultra-violet irradition by wave lengths shorter than 3021 A
depends on the formation of hydrogen peroxide in the presence

of atmospheric oxygen.

The actual possibility of hydrogen peroxide developing in

irradiated water solutions will be more fully discussed in the

section on peroxidase.

The first data concerning the effects of ultra-violet light on
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the respiration of bacteria in pure culture were reported by

Cook and Stephenson ( '28). They studied primarily the rela-

tion of viability of the bacterial cell to its aerobic oxidation of

glucose and certain of its fermentation products, and irradia-

tion with ultra-violet was only incidentally introduced as a

means of reducing viability. They grew Bacillus coli on

tryptic broth agar to which .5 per cent sodium lactate had been

added. After 24 hours, the cells were suspended in phosphate

buffer at pH = 7.4, centrifuged, then washed twice in Ringer's

solution, and finally suspended in 100 cc. of Ringer 's solution,

and aerated for 15 minutes in order to obtain an even suspen-

sion. This stock suspension was diluted with an equal volume

of Ringer's solution, and 1 cc. was used for each determina-

tion. Glucose, 1/200 M, was used as the control culture. The

substrates, lactate and pyruvate, were studied in 1/100 Mcon-

centration, and acetate, ethyl alcohol, acetaldehyde, formate,

oxalate, and giycollate were also studied. In order to decrease

the viability of the cells, they were rayed in quartz test-tubes

at a distance of 6 inches from a mercury arc for 20 and 30 min-

utes. Super heating was avoided by protecting the culture

tube by another and larger test-tube. The suspensions rayed

for 20 minutes showed 2.74 viable cells in each 1000; those

rayed 30 minutes showed 2 viable cells in each 1000.

The effects of ultra-violet on the respiration process, aside

from the mere killing of most of the cells, can only be inferred.

At first, there was a slight decrease of oxygen use, but later

there was no significant difference. This preliminary period

of slight inhibition was attributed to an injury to the respira-

tory enzymes, although no actual tests were made. Since a re-

duction of the number of cells by dilution gave a rate of

oxygen use proportional to the number of cells, and since a re-

duction of living cells by irradiation did not materially affect
4

the respiration, these authors concluded that living and dead

cells oxidize alike.

The oxygen uptake was measured by differential manom-
eters of the Haldane-Barcroft type. It was assumed that if the

control culture were placed in the vessel on one arm and the
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experimental culture in the vessel on the other arm, the move-
ment of the manometer liquid would indicate the difference in

rates. If all the forces acting on each limb of the manometer
were perfectly symmetrical, then the above assumption would
be valid. This can rarely be the case in actual experimental
procedure, as can easily be determined by placing duplicate

aliquots in each vessel. Experiments by Wynd have shown
tlie unsuitability of this method, and errors from this cause
alone might easily be of such magnitude as to account for any
of the differences between the normal and rayed cells in the

exi^eriments reported above.

Lohmann's ('34) study of Bacillus coli, tubercle bacilli, and
Streptococcus is tlie only one that has been directed specifically

to determining tlie effect of ultra-violet on the respiration of

bacteria. Bacillus coli was grown in a buffered Ringer solu-

tion wliich contained sugar. This medium allowed no repro-

duction, and the cultures exhibited a constant rate of oxygen
uptake as determined by the Warburg method. A bouillon

medium which allowed reproduction was also used. Tubercle
bacilli were cultured on Lockemann's medium, Tlie most com-
plete data reported in this paper concerned Streptococcus.

The culture was diluted with 9 volumes of colorless Einger solu-

tion at pTT = 7.4. An exposure in a quartz flask to a mercury
arc for 45 minutes lessened the oxygen uptake about 50 per
cent, and tliis rate was maintained for several hours. After
7 or 8 hours new growth caused an increase in oxygen use and
in elimination of carbon dioxide. An exposure of 80 minutes
stopped growth completely and almost all of the respiration,

but new growth began after 12 hours. Rayings as long as 3.5

hours did not completely sterilize the cultures.

Experiments on B. coli showed that exposures of 3 minutes
resulted in a constant use of oxygen, showing that growth had
been stopped although metabolism remained uninjni-ed.

2. BotrTjtis.—Fnzi ('23) reported that fei-mentation of
grapes infected by Botrytis cinerea was stlmnlated by exposure
to the mercury arc. Although it cannot be said that this result

is not valid, yet, as will be shown later, all of the work reporting
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increased fermentation in yeast by ultra-violet is open to

serious criticism.

3. Yeast. —The effect of irradiating yeast on respirational

activities was first observed by Maurain and Warcollier ( '09).

They used a mercury arc of the Poulenc type, operating on 110

volts and 2.5 amperes. Sweet cider was rayed in layers 1 mm.
deep, at a distance of 5 cm. An exposure of 3 minutes killed

fermentation. If the cider were diluted with 20 parts of water,

then 2 minutes stopped fermentation. If the layer were re-

duced to 1/4 M'^-j 2 to 3 minutes were completely inhibitory.

In the following year, these authors ('10) extended their

observations to foaming white wine in an effort to determine

if irradiation might be used to inhibit the undesirable late

stages of fermentation. The wine was in layers 5 mm. deep,

and was 4 cm. removed from the mercury arc. Irradiation for

10 seconds completely inhibited fermentation. The greater

sensitivity of the white wine was due to its greater transpar-

ency for the effective radiations.

The most prolific writer in this field of research is Fazi. His

name first appears in the literature in the announcement of a

British patent ( '14) for carrying out commercial fermentation

under the influence of ultra-violet light. He points out that

either sunlight or ^^UvioP' lamps may be used as the source of

irradiation. The fermentation vats were to be made of

^'Uvior' glass, or the lamps immersed directly in the liquids.

The announcement of this patent was followed by a long series

of papers, all purporting to show great stimulation of fermen-

tation by ultra-violet light. The first paper reported that beer

yeast could be rayed profitably even for as long a period as 12

hours, and that it was not injured by 14 liours of exposure. The

irradiation was carried out in quartz flasks, 20 cm. from the

mercury arc.

Fazi and Fazi ('16) describe experiments showing that

Saccharomyces opunitiae lives, reproduces, and ferments more

actively when stimulated by irradiation. Many hours of ex-

posure were needed to cause injury. Also, the must of India

figs forms abundant film on the surface in ordinary fcrmenta-
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tioii, but under the influence of ultra-violet there was no trace

of film. Those authors later ('17) mixed Saccharomyces

ccrevisiae with S. opunitiae and found that the rate of fermen-

tation of fig must was doubled by ultra-violet light. The
change of sugar to alcohol and carbon dioxide was almost com-

plete, while in the unrayed cultures there remained a residue

of sugar. Pure cultures of S. cerevisiae also were rayed in fig

must, and at the end of the experiment the samples contained

less acid, about 10 per cent more alcohol, and a smaller residue

of sugar.

Fazi ( '21) pul)lished new data in order to contradict a paper

by Feuer and Tanner ('20), who had stated that their yeast

could not endure more than a 1-minuto exposure. Fazi not

only states that this result is opposed to his own, but also to the

observation of many others. He mentions particularly Henri

and Stodel ( '09), Oernovodeanu and Henri ( '10), Vallet ( '10),

Lombard ('10), Van Aubel ('09). Fazi claims to have done

much work on bacteria and on yeast, although there is no ex-

tensive i3ublication of data. In the above paper he described

experiments in which brewer's yeast was rayed for 12 hours

with a 1200-candle power lamp at 20 cm. The yeast was not in-

jured and showed an increased fermentation, but all the bac-

teria in the suspension were destroyed. This method of clear-

ing yeast from bacteria was instituted in 1918 by the Peroni

Brewery, in Rome.

The significance of Fazi's paper was completely nullified by

the reply of Feuer and Tanner ('21) in which they state that

Fazi misquoted them in saying that the yeast died with 1

minute of raying, since they actually had said that some

samples endured exposure for 7 minutes. It is significantly

pointed out that the suspensions were very dilute, consisting

of a single loopful of inoculum in 9 cc. of water, and then

rayed in thin layers at a distance of 25 cm. It is a surprising

fact that none of the 5 papers cited above by Fazi in support of

his results mentions yeast in any connection whatever!

Fazi and Fazi ( '22), in support of their previous contentions,

say that tests on an industrial scale confirm their results in the
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laboratory, that yeast previously treated by ultra-violet ex-

hibited stimulation of fermentation activities. The possibility

of commercial applications was pointed out for the third time

two years later ('24). This paper claimed that ultra-violet

reduced the time for proper fermentation of beer 25 per cent,

reduced time of maturation 40 per cent, and that it improved

the flavor and storage qualities. The temperature of the fer-

menting liquid might be held as low as 4° to 6° R., and the

fermentation was still greater than at the usual warmer

temjDeratures.

The last paper by Fazi ('27) describes the effect of raying

glucose solutions before inoculation by SaccJiaromyces cere-

visiae. Although the yeast itself was not rayed, it showed an

increased fermentation and produced a smaller amount of acid.

He concludes that the preliminary exposure of the glucose

solution imparts bactericidal properties, which, however, do

not inhibit the yeast. Fewer bacteria were found in solutions

which had been rayed.

Lindner ( '22) was one of the earliest supporters of Fazi. He

used bottom brewer's yeast and found that the velocity of

fermentation was increased by ultra-violet to an even greater

degree than originally claimed by Fazi for top yeast. For in-

stance, 30 gms. of glucose in 300 cc. of water yielded in 24 hours

119 cc. of carbon dioxide, while a similar solution rayed with a

mercury arc gave 2743 cc. ! The original and the rayed yeast

contained but little glycogen, but significant amounts were

present in yeast cells that were allowed to ferment in the

absence of ultra-violet. This is consistent with the results on

fermentation. A most interesting observation in this paper is

that 20 to 30 per cent of the cells in the rayed solutions had died.

The present writers* experiments on yeast, which are reported

in the third number of this series, show that fermentation is in-

hibited by ultra-violet even before a significant number of the

•tality. Minor variations in the substrate were

shown by Lindner to be ineffectual in disturbing the results,

since the use of wort gave similar effects to that of glucose.

A more scientific approach is that of Gronchi who showed

mo
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( '32a, b) that the shorter wave lengths were toxic to fermenta-

tion of yeast. He reported irradiating Saccharomyces cerc-

visiae for 45 minutes at 40 cm. Wood's light caused an in-

creased production of carbon dioxide which continued some
time after the irradiation stopped. The shorter ultra-violet

excited fermentation, but this increase was of short duration

and stopped when the irradiation did, and from this point

onward the elimination of carbon dioxide was diminished.

The next attempt to show a favorable effect by ultra-violet

light on yeast fermentation is that of Owen ('33) and his co-

workers. He used a National Carbon Company carbon arc,

which is rich in the wave lengths 2300 to 3100 A. Seven grams
of yeast cake were added to 100 cc. of 5 per cent glucose and

exposed in a shallow pan. Exposures of only 10 or 30 seconds

imparted an increased fermentative power. The greatest dif-

ference between the control and experimental cultures occurred

about 1 hour after irradiation. Owen reported a commercial

application of irradiated yeast to bi'cad baking, since 24 per

cent less yeast is needed if it be inevlously rayed 10 seconds.

However, it is highly pi'obable that the quantity of yeast ordi-

narily used by bakers is in excess of that needed, and the fact

that 24 per cent less gives proper leavening does not prove any
beneficial effect of irradiation.

The most extensive report on stimulatory effects is that of

Owen and Mobley ('33). These workers rayed seed yeast in

the same type of solution as was to bo fermented, the wort itself

and colonies on molasses agar. The wort was prepared from
Cuban Black Strap molasses to which was added 1 cc. of sul-

phuric acid and 1 gm. of anmionium-sulphate per liter. Pure
cultures of Magne yeast were used. The raying was accom-
plished by dripping the wort through a funnel at 15 cm. from
a carbon arc.

In one experiment type **C" carbons of the National Carbon
Company w^ere used, which gave radiations from 2700 to

3000 A. The inoculated wort was run through the funnel three

times before the arc. After 72 hours the eflicioncy of the alco-

holic fermentation was as follows

:
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Control 80.62 per cent

Control 83.20 per cent

Eayed 83.10 per cent

These results are not impressive evidence for stimulation.

Another experiment was carried out with type ''B" carbons,

and the fluid passed 5 times through the funnel. After 72

hours the results were :

Control 88.9 per cent

Eayed 90.8 per cent

A third experiment ditfered from the above in that the sus-

pension was passed 6 times through the funnel. After 48 hours

the efficiency of the alcoholic fermentation was

:

Control 83.3 per cent

Rayed 85.2 per cent

It was further reported that raying the yeast on agar plates

and then transferring it to the wort were almost as stimulative

as raying the inoculated wort. Irradiation of the media was

also held to be beneficial. '*B" carbons were used, and the

distance is not given. The results were

;

Control 80.3 per cent

Control 82.8 per cent

Colonies rayed 83.4 per cent

Colonies rayed 80.3 per cent

Seed rayed in wort. . . .87.5 per cent

Seed rayed in wort. , . .84.0 per cent

The scant data and the obvious variation in the duplicates

are not convincing evidence for stimulation. These authors

concluded with the statement that irradiation by the carbon

arc was beneficial because of the development of some ' * growth-

promoting" substance which stimulated the fermentation of

sugar. It is obvious that a "growth-promoting" substance is

something that promotes growth and not necessarily the fer-

mentation of sugar. This improper terminology is more

plainly demonstrated by the values given for the actual num-

x
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ber of cells per cc. as related to the period of irradiation. These

values after 32 hours were

:

Control 168,000,000

Rayed 1 minute 116,000,000

Rayed 2 minutes 182,000,000

Rayed 3 minutes 48,000,000

Rayed 4 minutes 82,000,000

Rayed 5 minutes 12,000,000

Rayed 6 minutes 16,000,000

In spite of the erratic values, which vary from about 30 to

over 100 per cent from a smooth curve, there is evidently

no ''growth-promoting" substance acting as a result of

irradiation.

Suranyi and Vermes ('29), employing the Warburg tech-

nique, were the first to observe the effect of irradiation on the

use of oxygen by yeast. The nutrient medium was the Tyrade
solution at pll = 7.2. Exposures to ultra-violet light gave an
increase in oxygen use of about 50 i)er cent. Cyanide inhibited

eased fraction of

effect was reversible. Avian
simil

The evidence of the inhibitorv influence of

fermentat & Solniiifen and Coolhaas
were the first to differentiate between decrease of reproduction

and of fermentative power. They observed that neither fer-

mentation nor reproduction was affected unless the distance

from the lamp was great, the volume of solution large, and the

time of exposure short.

Tanner and Ryder ( '23) extended fheir earlier work in view
of the objections raised by Fazi. They rayed 20 different

species of yeast w^ith a Cooper-Hewitt lamp operating on 110
volts and 4 amperes, at 20 cm. from flie cultures. One loopful
of each was inoculated in 100 cc. of sterile water, and 1 cc. of
this suspension was added to 99 cc. of sterile water. The final

suspension was rayed in layers 8 mm. deep in Petri dishes.

after which 1 cc. was i)lated on acid Sabouraud's ajrar. Ex-
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posures of 1.5 to 20 minutes were required to kill the various

species. The loss in weight from 30-day cultures of Saccharo-

myces ellipsoideus showed that 1- to 10-minute exposures had

no effect on fermentation, but that longer exposures inhibited

proportionally. Since bacilli were killed under similar condi-

tions in 1.5 to 6 minutes, it was concluded that the size of the

cell determines its resistance to ultra-violet.

Abderhalden ('27) raised the next dissenting voice. He

rayed fresh yeast, dry yeast, macerated yeast, and press juice

with a mercury arc and with a magnesium light. He added

both rayed and unrayed egosterin and cholesterin, and under

no condition did he find stimulation of fermentation. He con-

cluded that fats are not concerned in yeast fermentation, and^

from his data it may be inferred also that ultra-violet itself was

not stimulatory.

Tanner and Byerley ( '34) reported the inhibitory effect of

ultra-violet on Saccliaromyces cerevisiae and on Fleisch-

mann's commercial pressed yeast cake. They rayed glucose-

broth cultures, aqueous suspensions before seeding, ferment-

ing cultures and glucose-broth before its inoculation, with a

Coox)er-Hewitt mercury arc at a distance of 25 cm.

Oster ( '34), in the most careful study yet made on the sub-

ject, reported the effect on respiration in terms of oxygen use.

He used monochromatic light from the mercury arc, including

all those lines which are of sufficient intensity to be practically

applied. The results were reported in terms of the wave length

used, the total energy in terms of ergs per sq. mm. per second.

The oxygen use was observed by the Warburg technique. The

respiration curves were run for 21/2 hours. At the end of the

experiment, the suspension was removed and plated on agar

to discover any morphological changes induced by the raying.

The conclusions were that there was no stimulation of growth

and no change in the oxygen use until the cells were injured as

shown by morphological studies when there was only a de-

crease. About 22 per cent decrease in oxygen uptake occurred

when the total energy exceeded 81.6 x 10'' ergs per sq. mm. per

second, this value being obtained by exposure to the line 2536 A
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for 60 minutes. The region 2482 A to 3132 A showed about
the same degree of inhibition, altliough the total energy was
408 X lO'' ergs per sq. mm. per second. The effect is not one of

total energy alone but also one of individual wave lengths,

since it is proportional to total energy for any one wave length,

but different total energies were needed for the different wave
lengths to produce a given effect. This paper Is one of funda-

mental importance and contains too nmch material to be re-

viewed completely here.

B. GREENPLANTS

The only study on the effects of ultra-violet light on the

respiration of higher plants is that of Masure ( '32). He used
a Cooper-Hewitt mercury arc operating on 110 volts and 4

amperes, and a Corning G586AW*'Ultraglass" filter, 9 mm.
thick, and passing wave lengths from 3334 A to 3G90 A. Be-
cause of the characteristics of the mercury arc, this filter

showed a peak of transmission in the region 3650 A to 3663 A.

The mercury arc triplet at 3663 A, 3665 A and 3650 A consti-

tuted about 14 of the total radiant energy passed. Since the

line at 3650A v\ as about l^ of the total intensity of the triplet,

the liglit was practically monochromatic at 3650 A. This line

has been shown to be within the transmission region of certain

seed coats.

Three varieties of pea seeds were rayed in Petri dishes for

periods of 15, 30, GO, 120, and 265 minutes, and planted im-

mediately after. The hypocotyls were measured after 4 days
to determine the effect of raying on growth. Respiration was
observed in etiolated seedlings rayed at 27 cm. through the

G5S6ATr filter. The flask was in a water bath, which caused the

elimination of the longer infra-red. Since window glass trans-

mits down to 3200 A, the thin glass of the flask probably passed
most of the band at 3650 A. The seedlings were rayed 62
minutes, then after 50 minutes they were rayed a second period
of 49 minutes. The technique of measuring the oxygen uptake
was not so reflned as might be wished, but it appears from
these experiments that the absoi-ption of oxygen was tem-
porarily increased by irradiation.
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C. THEORETICALCONSIDEEATIONS

The work of Cook and Stephenson might be interpreted as in-

dicating that Bacillus coli was unaffected, but, as pointed out

above, the balancing of one limb of the differential manometer

against the other introduces errors that might conceal small

differences. It should be noted, however, that this error need

not be present if the two vessels were identical in every way.

This could be determined experimentally by putting duplicate

aliquots in both vessels ; and should the manometer liquid re-

main at a constant level, then the method of Cook and Stephen-

son would be sound. But these authors specifically state that

they *' assumed" this condition. The present writers have

never been able to obtain symmetric behavior of pairs of ma-

nometer vessels. The work of Lohmann shows only inhibitory

effects.

The work on acetic fermentation is even more difficult to

interpret, since no data were given that would make possible

the necessary distinction between inhibiting the fermentation

itself and the actual killing of the fermenting organisms. It is

significant that acetic acid fermentation was not inhibited if the

irradiation occurred in the absence of oxygen. This indicates

that the inhibiting action does not depend on the specific effect

of the ultra-violet in destroying the oxidizing mechanisms, but

rather on some toxic oxidation that ultra-violet induced by the

presence of oxygen.

The earlier work on yeast fermentation is open to the same

objection, since no distinction was made between fermentative

activity and the killing of the cells. The evidence for the stimu-

lation of yeast fermentation centers around the work of Fazi

and of Owen and their co-workers. Whenwe note that Fazi's

name appears twice in the announcements of commercial

patents, and three times in articles emphasizing the desir-

ability of commercial application, the actual amount of new

scientific evidence advanced to support his belief is small. The

work of Owen and co-workers is to be criticized even more

severely. Their actual experimental results, which have been

partly quoted above, are sufficient indication that no significant

differences were found.
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The favorable effects of irradiating the nutritional medium
reported by both Fazi and by Owen are worthy of further

study. AYoodrow, Bailey, and Fulmer ( '27) found that the ir-

radiation of sucrose, glucose, calcium gluconate, and glycerol

imjiarted toxic properties to yeast. Euler and Lindberg ( '12)

found that rayed glucose solutions develop a gas mixture con-

taining about 15 per cent carbon dioxide, 40 per cent carbon
monoxide, and 40 per cent hydrogen. They also showed that

ght d

and carbon dioxide. These
purely photochemical, and such effects must be considered in

interpreting results.

The work of Bierry ( '26) is particularly interesting because
he also found that ultra-violet could act on carbohydrates
similarly to certain enzymes, making possible an "ultra-violet

fermentation." He found that d-fructose, and to a less extent

d-glucose, in the presence of air is degi-aded by ultra-violet to

formic aldehyde and carbon dioxide. Sucrose is hydrolyzed by
the irradiation and then degraded to carbon dioxide and formic
aldehyde.

The evidence against the stimulation of yeast fermentation
is based on more stable foundations. The present writers re-

port their results in the third paper of the series.

There is not yet sufficient evidence in the literature concern-
ing the effect of radiation on the higher plants to form definite

conclusions. The present writers report in the second num-
ber of this series their work on tomato and bean Dlants.

IV. Oxidizing Enzymes

A. CATALASE

1. In vivo studies, a. Avinials. —Ostwald('08) rayed larvae

of Porihvsia chrysorrhuea with sunliglit and found that both
violet and white light reduced the amount of catalase activity

below that found in larvae treated with yellow light or with
darkness. The amount of ultra-violet light reaching the or-

ganisms in these experiments is very uncertain.

The first in vivo study of the effects of relatively intense
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ultra-violet light on animal catalase appeared in 1926. Pin-

cussen, in a series of papers on the changes in the enzymatic

content of the blood, points to the probability that ultra-violet

affects the organism by increasing oxidation. This assump-

tion was based on previously published data showing that

ultra-violet exhibited an oxidative effect when studied in vitro.

Recent developments, particularly in the chemistry of the

enzymes, show that in vitro studies are not necessarily appli-

cable to the interpretation of in vivo phenomena.

Pincussen approached the problem by observing the catalase

activity of the blood of rabbits after they had been exposed to

bright sunshine from 10 o'clock a. m. to 4 o'clock p. m., and

also after being irradiated by a mercury arc. Animals in the

sunlight always showed a lower reaction constant of the

catalase than those kept in darkness. The magnitude of this

decrease was not changed materially when 2 cc. of 2 per cent

erji:hrosin were injected subcutaneously. Neither were 10 cc.

of 2 per cent potassium iodide administered orally effective in

altering the effect of sunlight. Rabbits irradiated for 12

minutes by a mercury arc at a distance of 100 cm. showed a

lowering of the reaction constant from .0621 to 0.410. That

this decrease was not a transitory effect was shown by rajang

rabbits 12 minutes at a distance of 90 cm., and withdrawing

blood samples periodically until 120 minutes had elapsed. The
reaction constant showed a progressive decline as long as the

observations were continued.

The blood catalase of animals rayed by the mercury arc was
r

markedly more decreased in the presence of potassium iodide

and eosin tlian in those treated with sunlight. This was ex-

plained by assuming that the eosin was not acting as a photo-

sensitizer for catalase, but by increasing the amount of free

iodine splitting from potassium iodide. In these experiments

there was also a progressive decrease during the 2 hours of

observation after raying.

Somewhat different results were obtained by Castagna

('27a). After keeping white mice in the dark, he rayed them
with the mercury arc, using both the visible rays plus the ultra-
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violet and also the ultra-violet alone from 3900 A to 3190 A
The eatalaso of the blood was detormined at intervals of one
half hour, and it was found to increase durino- tln^to increase during tlie first 3 1:

of raying when the open arc was used and then to drop to

m aft several hours. When the wave lengths

A were used alone, there was no sijrnificant eh

3900 to

e. This
thor 's conclusion, that visible light increased the enzynie or
otected it from destruction by some natural process, and that

3 shorter than 3190 A were destructive, does not
adequately It should be noted that these
dosages are very much greater than those used by Pincussen.

It will be remembered that Harris ( '25a), in his study of the
effect of light on the carbon-dioxide elimination of rats, found
that the open mercury arc had no effect, while the ultra-violet

f 2910 A to 43G0 A 6 He concluded
fore that visible rays nullified the ultra-violet stimulation by
physiological antagonisnu

Kold 1^7-\ and Al'Tshulla ('30a) published data that

th those of They rayed
a mercury arc and observed the changes in catalase,

and amylase in the blood. Single rayings gave a ten:

decrease in catalase, while successive doses produced
dec The above data ai)))oared in Russian and

was apparently republislied (lie same year in German ('30b)

Pincussen and Tanino ( '31) rayed wliite rats, which had beei

starved for 16 hours, with a mercury arc operating on 220 volti

at a distance of 50 cm. The animals were then killed and 10 cc

of the diluted tissue extract were added
hydrogen peroxide buffered at pll

phosphate. The results were as follows

r cent

6.8 by

CUBIC CENTIMETERSOF OXYGENEVOLVEDIN 5 MINUTES

1 cc. blood 1 gm. liver 1 gm. spleen 1 gm. heart

Control
Rayed 30
Rayed GO
Rayed 90 miimtea

minutes
iiihiutes
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The significance of these data will be discussed under the topic

*' Theoretical considerations."

1. In vivo studies, h. Plants. —In vivo studies on plants con-

cerning the effect of irradiation on the catalase are less numer-

ous than those on animals. The effect of sunlight on yeast

catalase was observed by Euler and Laurin ( '18) . They mixed

15 cc. of a suspension of Saccharomyces tJiermantitonum con-

taining .0885 gms. of fresh yeast with 100 cc. of phosphate

buffer at pH = 6.1 and with 50 cc. of .01 N hydrogen peroxide.

Exposure of the yeast to sunlight uniformly lessened catalase

activity.

Novikov and Herber ('33) soaked the seeds of the tau-sagyz

rubber plant in water for 18 hours and then irradiated them by
a mercury arc. The seeds were kept at 25° C. for 2 days and the

catalase of the germinated seedlins-s then determined. TheJ^V^iXiXXiitll-x-V^ OV^^VAiiAJLj-,

radiation gave an abrupt rise in catalase.

The paper by Fuller ( '32) is the only publication to date re-

porting the effects of raying on the catalase activity of growing
plants. Tomato plants and Red Kidney field beans were grown
in individual 4-inch pots to a height of about 20 cm. They were
then rayed 3 minutes daily for 7 days at a distance of 50 cm.

from the arc, the rays being filtered through a layer of 1.5 cm.

of water in a quartz cell. Serious injury was produced, as

shown by the bronzing and curling of the leaves. At the end of

the 7-day period, catalase was determined by a modification of

the Appleman method. The averages showed that the catalase

activity of the beans had been stimulated 43.2 per cent and that

of the tomatoes 49.7 per cent.

2. In vitro studies. —Catalase was studied in its relation to

ultra-violet light by in vitro studies much earlier than it was
approached by in vivo methods. It is surprising that the first

of these reports was also the first one concerning catalase and
ultra-violet in any connection and was carried out by mono-
chromatic radiation. Hertel ('04), in a preliminary study of

several sources of ultra-violet^ noted the effect of the mag-
nesium line 280 m/x on peroxidase and catalase. In the cata-
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lasc experiments, he rnyed fragments of fungus mycelium,

milk, and fibrin. AVIumi a drop of hydrogen peroxide was then

added, the evolution of oxygen bubbles under the microscope

seemed to show that the irradiation had been without efifect.

But when these substances were rayed in the droplets of per-

oxide solution, there was a great increase in the evolution of

oxygen over that in the unrayed droplets. Since drops of pure

peroTide solution foamed when rayed, Ilertel correctly as-

sumed that his experiment did not demonstrate increased cata-

lase activity. It is regrettable that his admirably arranged

monochromatic irradiation could lead to no significant results

because of the very poor method of determining the effect of

raying. His results have been quoted by several authors as

an indication that catalase activity was increased. A reading

of the originalpaper shows this to be in error.

Catalase preparations from Vijtiscus marginalis were ex-

posed to sunlight by Ostwald ('08). The activity was deter-

mined by titrating the hydrogen peroxide that remained in the

test preparation after the lapse of a definite period of time.

The enzyme from the larvae exposed to sun used up 94.7 per

cent of the available hydrogen peroxide, and the control de-

stroyed 1)G.8 per cent. While these values show a slight injury

to tlie catalase, it is probable that they are insignificant. The

present writers have found that the titration of duplicate

aliquots of catalase by the method of Ostwald gives very

erratic results unless the amount of peroxide added as a sub-

strate is sufficiently great to insure at least 15 per cent of the

original amount still present at the time of titration.

Catalase from rabbit and from human blood was found by
Lockemann, Thies, and Wichern ( '08) to be greatly injured by
2-hour exposures to strong sunliglit- The preparations were

exposed while they were reacting with the hydrogen peroxide

substrate. Controls containing poroxidi^ alone allowed a cor-

rection to be made foi* the amount of peroxide destroyed by
sunlight itself.

The relation of photosensitizers to catalase was studied par-

ticularly by Zeller and Jodlbauer ('OS). An exposure of 25
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minutes to sunlight filtered througli water injured the catalase

activity 68 per cent if oxygen were present. In the absence of

oxygen there was only 10 per cent injury. Exposure to a mer-

cury arc for 30 minutes showed 29 per cent injury if oxygen

were present and 25 per cent if absent. These figures show

that oxygen is necessary for the injurious action of the visible

light and is unnecessary for the ultra-violet. Increasing alka-

linity was found to increase the injurious effects of the sunlight,

while corresponding increases of acidity up to 1/1500 N
sulphuric acid were without effect. The sunlight was increased

in its destructive action by 1/5000 N eosin only if the light were

passed through a glass plate to remove the short ultra-violet.

The eosin had no influence on the irradiation from the mercury

arc unless a glass plate was interposed as a filter. Essentially

the same results were obtained by the use of sodium-dichlor-

anthracene, methylene-blue, and Bengal-rose.

The injurious waves of the emission spectrum of the fluo-

rescent substances might depend on the nature of the incident

light, but why this should be prevented by the mere additional

presence of nltra-violct is difficult to explain. It would seem

that the destruction of both types of rays should be additive.

If, however, the above results are authentic they furnish an in-

teresting instance of antagonism. It is not possible to surmise

whether this antagonism is one of physical interference or of

physiological reaction.

Some phases of the work of Zeller and Jodlbauer were criti-

cized by Battelli and Stern ( '10). They found that the destruc-

tion of catalase by the visible sun rays proceeded equally fast

in the presence or absence of oxygen. Although the sun can

rapidly and completely destroy catalase, a protective action is

exerted by traces of alcohol, aldehyde, and certain other chem-

ical agents.

Agulhon ( '11) studied the behavior of a number of enzymes

to the radiation from a Heraeus mercury arc operating on 110

volts and 2 to 3 amperes. The enzyme preparations were rayed

in layers about 1 mm, deep in quartz tubes at a distance of 15 to

20 cm. The activity of catalase obtained from pork fat was

1
+

>
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reduced to 83 per cent of the control by an exposure of 1 hour,

to 39 per cent in 3 hours, and to 8 per cent in 6.5 hours.

A more complete report was published by Agulhon ( '12) the

following year. He found, contrary to Battelli and Stern, that

catalase from pork liver was destroyed in the absence or the

presence of oxygen by visible light, although to a less extent in

vacuuni, and, in contrast with Zellor and Jodlbauer, he found
that tlie destruction by ultra-violet was notably lessened in

vacuum. These inconsistencies were explained by the probable

traces of oxygon in evacuated tubes which might be ample to

effect the destructive oxidation of the comparatively minute
traces of actual enzjTne material.

Waentig and Steclie ( '12) rayed with a mercury arc catalase

prepared from fat, liver, blood serum, alcohol, precipitate of

blood, larvae of Sphinx Ugustris, pupae of S. ligustris, and
from fungi. In all cases the catalase activity was lowered.

The injury was small when the raying took place in glass tubes.

In some instances, nitrogen was bul)l)led through the solution

for a long time to eliminate the oxygen, but injury was not pre-

vented. It was concluded that the injury was not oxidative,

but probably an effect on the solubility of the enzyme, since

more or less precipitate accompanied the destruction of the

enzyme. Since alkaline solutions increased the injury while

acid did hot, these authors concluded that probably all catalase

reacted the same. Zeller and Jodlbauer found similar results

with fat and blood catalase.

The remarkable stability of the catalase activity of red blood

corpuscles was demonstrated by Peemoller and Franke ('26).

They suspended washed human blood corpuscles in a .9 per cent

sodium chloride solution. One cc. of the suspension was added
to 10 cc. of 3 per cent hydrogen peroxide, and aliquots of 1.5 to

2.0 cc. were rayed in thin layers at a distance of 50 cm. Under
these conditions an 8-minute exposure gave 1 HED (Ilaut-

erythcmdosis) unit. Exposures up to 10 HP]D units (80

minutes) did not produce any significant injury.

It is important to distinguish in studies on the catalase ac-

tivity of blood between the activity of hemoglobin and that of

the blood catalase proper. The great and unexpected stability
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of the catalytic action of ''Blutkatalase" of Peemoller and

Franke is not concerned with the true enzymatic activity. This

distinction was taken into consideration by Pincussen and

Seligsohn ('26). These authors point out that errors due to

the activity of hemoglobin can be lessened by proper buffering,

since the optimum pH for blood catalase differs from that of

hemoglobin.

The experimental preparations of Peemoller and Franke

were obtained by adding .02 cc. of blood to 50 cc. of water.

Aliquots of 5 cc. of this dilution were mixed with 100-cc. por-

tions of 1/2000 hydrogen peroxide. The reaction was stopped

by adding 2 cc. of 20 per cent sulphuric acid. The remaining

peroxide was titrated with N/100 potassium permanganate.

Aliquots of 25 cc. were removed for titration after 6, 15, and

20 minutes. Irradiation for 20 minutes at a distance of 10

centimeters greatly injured the catalase. This injury was
greatest at the pH that is optimum for catalase activity, and

was also proportional to the degree of dilution. The presence

of potassium iodide and sodium chloride exerted some pro-

tective action against destruction of the enzymatic activity by
enlarging the colloidal particles sensitive to light.

Sodium chloride was itself injurious in addition to its effect

on the light injury. In the presence of this salt, about 50 per

cent of the activity was lost on raying for 10 minutes, while in

its absence the injury was 25 per cent. The action of potassium

iodide is complicated. There is an injury due to the splitting

off of free iodine, but in an excess of the salt the protective ac-

tion of the salt itself exceeds this injurious effect. It is im-

possible in this instance to clearly distinguish the effect of the

salt as a protector, the injurious effect of the halogen ion, and

the injurious effect of the liberated iodine. The toxicity of

liberated iodine can be demonstrated by raying catalase with

alival.

Blood from dogs w^as exposed in quartz tubes to ultra-violet

Castagna ('27b), and the catalase was progressively in-

activated, becoming almost zero after IV2 hours. Sunlight

gave a very slight diminution.

Morgulis ( '29), working with kidney catalase at various liy-
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drogen-ion concentrations, found complete inactivation at all

degrees of acidity, but the required time varied. At pll = 6.0,

7.0, and 8.0 the inactivation curves were straight lines as

plotted against the time of exposure. At other acidities the
*

inactivation was faster at first, but became slower as the time

of exposure increased. The minimum inactivation occurred at

pH = 6.0.

This relation to pH was studied further by Morgulis ('30).

He disagreed with the opinion of Pincussen that catalase was
most injured at its optimum pH = C.8. Using a Hanovian mer-

cury arc, operating on 110 volts and 5 amperes at a distance of

25 or 50 cm., he was able to show that the greatest injury oc-

curred between pH = 8.0 and 9.0, w^hich is on the alkaline side of

the optimum. The stability of his preparation was greatest

toward ultra-violet and heat at pH = 6.0, which is on the acid

side of the optimum. This pII is suggested as the probable iso-

electric point. This paper contains excellent graphs relating

activity to pH and time of exposure.

3. Theoretical considerations. —The literature contains a

surprisingly groat amount of trivial discussion concerning the

significance of catalase in tissues. The accumulated authentic

data are of permanent value, but their significance is not well

understood. A very important statement was published by
Pincussen and Tanino ('31), calling attention to two diametri-

cally opposed interpretations of the relation of catalase to

respiration. In their study they found a decrease of liver cata-

lase on irradiating the live rats. Assuming that catalase

develops proportionally as it is needed to destroy excess hy-

drogen peroxide, this decrease may be interpreted either as

due to an increased oxidation in which hydrogen peroxide is

used or to a lessened production of the peroxide by some de-

creased respirational process.

The paper by Ranjan and Mallik ( '31) is one of the most im-

portant contributions on the significance of catalase. They
show very convincingly that catalase activity parallels the

formation of hexose, whether this formation results from
hydrolysis of disaccharides or from photosynthetic activity.
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Wynd ( '34) has suggested that this parallelism may signify a

transitory peroxide group during the mobilization of the hex-

ose substrate for respiration, and that some of this peroxide

is available to peroxidase.

Ostwald ('08), finding that sunlight decreased catalase of

larvae when rayed both in vivo and in vitro, and also inciden-

tally that peroxidase was increased under similar conditions,

concluded that these enzymes were connected with photot-

ropism. He also observed that the rayed larvae increased in

weight over the controls, but he wisely admitted that these

phenomena need not be related necessarily.

The statement of Lockemann, Thies, and Wichern ('08),

that the effects of high mountain sun and of sunbaths in general

were connected with the depression of the catalase, was made
on the unwarranted assumption that in vivo effects were sim-

ilar to those obtained in their in vitro raying of blood. The

correlation of many apparent discrepancies in the behavior of

catalase to irradiation in in vivo studies necessitates a consid-

eration of the relative dosages. From the available data it ap-

pears that heavy and therefore toxic doses increase catalase of

animal tissues while lesser dosages are depressing. The data

supporting this generalization are yet comparatively meager

and need further verification.

Both of the in vivo plant studies show increased catalase. In

one instance the rayed seeds produced more vigorous growth,

and in the other the growing plants were rayed until they ex-

hibited definite injury. Further data concerning this problem

are included in the second paper of this series.

In the in vitro studies on animals it is particularly important

to separate the catalase activity of hemoglobin and that of the

true enzymes, as has been adequately pointed out by Pincussen

and Seligsohn ('26). The widely different degrees of injury

of catalase solutions by sunlight and by the mercury arc need

not be considered incompatible since many known factors, such

as dilution, presence of other substances, light intensity, etc.,

exert powerful influences.

It is clear that catalase is injured by light when irradiated

in vitro.
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B. OXYGENASE

1. Animals, —The general destructive action of ultra-violet

on oxygenase of animal origin was reported by Vedder ('24).

He found that temperatures greater tliaii 62° C. caused the

disappearance of the oxidase-containing granules of leuco-

cytes, but ultra-violet light caused their disappearance in the

absence of any temperature change.

The most recent contribution on tliis subject is that of

Wohlgemuth and Sugihara ('25). It had previously been
pointed out by Wohlgemuth and Yamasaki ('24) and
Yamasaki ( '24) that skin is rich in the enzymes, diastase, lipase,

catalase, and oxygenase (phonolase). This oxygenase could

oxidize the dihydroxy derivatives of adrenalin, dioxyphenyl-

alanine, and pyro-catechol. Wohlgemut li and Sugihara studied

the diastase, lipase, gelatinase, and oxygenase in the skin of

different animals and found that oxygenase was highest in the

rat and frog. In general, all the animals exhibited greater

enzymatic activity of the skin than did man. There was no
parallel between the enzjinatic content of the blood and that

of the skin. Irradiation of guinea pigs over a sufficiently long
period with natural sun, artificial sun, and artificial ultra-sun

caused a considerable increase of oxygenase, and a decrease of

diastase and lipase. In no animal was there any change in the

activity of these enzymes in the blood.

2. Plants. —Agulhon ('11) made the observation that the

oxygenase (laccase) extracted in glycerin from the fungus
Russula was extremely stable towards irradiation. Even 6

hours of raying by a Heraeus mercury arc at a distance of 15

to 20 cm. only rarely produced a detectable lessening of its

subsequent action on 1 per cent guaiacol. However, if the

glycerin extract were diluted with 4 parts of water then oxy-

genase was notably destroyed in 3 hours of irradiation. Wave
lengths longer than 3022 A were found to be almost inactive.

The following year ('12) he published a more extended re-

port. The method of raying was similar to that of his earlier

work, and from the identity of the numerical data it may be
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inferred that the previously obtained data were the basis of his

later paper. Besides restating the observations of his earlier

paper, this publication describes a possible mechanism for the

action of the ultra-violet rays. Since oxygenase is not attacked

in a glycerin extract in vacuum, and but a slight decrease

becomes apparent when the glycerin extract is diluted with

water, it is therefore probable that the destructive action is

one of oxidation.

It is known that ultra-violet light decomposes water to a

slight degree, liberating hydrogen. In the presence of oxygen,

this hydrogen forms hydrogen peroxide, which injures the

enzyme. Experiments showed that .5 per cent hydrogen per-

oxide destroys completely the oxygenase of Russula extracts in

4 hours. Visible light was thought to owe its destructive action

to the same mechanism, although in this instance actual air was

necessary, while with the ultra-violet the slight traces of oxy-

gen unavoidably present in vacuum sufficed.

3. Theoretical considerations. —Because of the small amount

of work done on the behavior of the oxygenases to ultra-violet,

it is difficult to arrive at definite conclusions. If the interpre-

tation of Agulhon is verified, then it forms a significant basis

upon which we may interpret various of the activities of ultra-

violet light. The authenticity of the formation of hydrogen

peroxide by the action of ultra-violet on water is undoubted,

but whether this could act destructively on the oxygenases is

a question, although the fact that .5 per cent hydrogen peroxide

completely inhibited Russula oxygenase in 4 hours cannot be

ignored. More discussion of the problem will follow in the

theoretical consideration of peroxidase.

The work of Wohlgemuth and Sugihara is suggestive, since

it is not impossible that the oxygenase increase in the skin of

rayed animals might play a role in the development of melanin

in spite of the fact that the specific enzyme preparation used

in these experiments did not affect tyrosine. The distinction

between oxygenase and the tyrosinase may be assailed on theo-

retical grounds, and the entire problem of the nature of the ac-
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tivity of oxygenase and tyrosinase is not as firmly supported
many writers suppose. A review of this interesting problem
not appropriate in the present paper.

C. TYROSINASE

1. Animals. —Narayananmrti and Ramaswami ( '29, '30) ir-

radiated the larvae of Dolichos and found consistently in-

creased tyrosinase activity of extracts.

It was shown by Lignac ( '30) that human skin, after death,

would develop melanin as a result of raying with a Kromayer
mercury arc. Several hours of exposure of dead skin were
needed to produce the same degree of pigmentation as an ex-

posure of 4 minutes of live skin. The difference was attributed

to the constant oxygen supply of live skin. One might assume
very reasonably that the increase of melanin in skin after ray-

ing is due to an increase of the activity of tyrosinase. Pin-
cussen and Hammerich ( '31a), acting on this supposition, mod-
ified the method of Rapcr and Wormall for the estimation of

tyrosinase, so that it could be used as a micro method. En-
zymes prepared from meal worms were rayed in vitro with a
mercury arc. Tyrosinase, as most other enzymes, was greatly

injured, and tlioy concluded that the formation of melanin in

the skin by ultra-violet was not due to an increase of tyrosinase.

3. Plants.— The papers of Agulhon ('11, '12), mentioned
above, state that the extracts from Russula contain tyrosinase
and that this enzyme is more stable towards irradiation than
is oxygenase. Like oxygenase, it was not destroyed by ultra-

violet in glycerin in vacuum, and only slightly Injured when
solution in vacuum. Likewise, it was inacti-ed in a water

vated in 4 hours by .5 per cent hydrogen peroxide. It was
thought to be destroyed by the same mechanism as suggested
for oxvtrenasft.

Theoretical considerations. —The conclusions of Pincus-
and TTammericli may be attacked on several grounds. In
first place, as has been clearly demonstrated by Fuller

), the behavior of an enzyme under in vitro raying bears no
tion to its behavior when rayed in vivo. Moreover, the
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total exposure. 1 hour at 50 cm., miirlit well have obscured the

effect of But the most arresting fact of

all is that these authors used dioxyphenylalanine, as well as

tyrosine, as a substrate, with identical results. Wohlgemuth

and Sugihara found that dioxyphenylalanine was oxidized

more by the skin oxidase (called phenolase by them) extracted

from guinea pigs which had been rayed while living with a

mercury arc. Since enzymes are defined in terms of their sub-

strates, it may be assumed that whatever enzymes actually at-

tack this particular substance, they reacted differently to in

vivo and in vitro irradiation. These authors did not, however,

obtain any oxidation of tyrosine by their skin extracts, and yet

we know that tyrosinase should have been present in the frac-

tion which they called '

' phenolase. '

' As mentioned above, the

oxygenase and tyrosinase reactions are surprisingly complex

and confused in the literature.

It seems reasonable to conclude that tyrosinase, as most en-

zymes, is injured by irradiation in vitro, but that its behavior

in vivo to exposures has not yet been reported authentically.

D. PEEOXIDASB

1. Animals, a. Milk. —The paper of Hertel ('04), already

cited as the earliest study on the effect of ultra-violet on cata-

lase, occupies a similar position in respect to peroxidase. Milk

peroxidase was studied by mixing 2 cc. of fresh milk with 2 cc.

of .1 per cent aqueous solution of guaiacol and 1 drop of hydro-

gen peroxide. Irradiating the milk with the 2800 A magnesium

line produced a notable diminution of activity even with as

brief exposures as 5 minutes.

Eomer and Sames ('10) materially extended the observa-

tions of Hertel. They used 5 cc. of cow's milk mixed with 2

drops of guaiacum tincture and 6 drops of 2 per cent hydrogen

peroxide. If the milk were rayed with a Heraeus mercury arc

at a distance of 15 cm. for 1 hour, the peroxidase activity was

completely inhibited. Exposures of ^A hour allowed a positive

Ithougl Whenmilk whey
was rayed, a trace of peroxidase activity remained after 1 hour

of exposure, but IVa hours were completely inhibitory. These
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authors state that this destruction of the peroxidase (called

** oxidase" by them) could have no hygienic significance

in infant feeding, since human milk normally contains no
peroxidase.

In view of the great similarities between cow's milk and
human milk, it seems strange that such a difference could exist

in this particular. Asakura ( '32) has shown that human milk
lacks peroxidase if it also lacks vitamin B. Heavy feeding of

vitamin B causes the peroxide reaction to appear.

Reinle ('21) extended the study of the peroxidase of cow's
milk to include the effect of Rontgen rays, the Y-rays from
radium chloride, and ultra-violet. The X-rays and y-rays had
no effect. When the milk was rayed with a mercury arc oper-

ating on 110 volts and 4 amperes at a distance of 15 cm., there

was a temporary increase for the first 20 to 30 minutes. This
stimulation is not significant since mere warming of the milk
will also give this effect. This apparent stimulation could not
bo due to the destruction of the dehydrogenase system by the

irradiation, since, as will be shown later, these enzjTues are
notably stable towards ultra-violet. The effect of warmin
could very well depend, on the other hand, on the inhibition of

dehydrogenating systems. Such an effect has been suggested
by Kcilin ( '29) to account for the fact that fresh baker's yeast
exhibits no peroxidase test while warmed yeast does.

1. Animals, b. Tissue.— The relationship between animal
tropisms and the light-sensitive enzymes was studied exten-
sively by Ostwald ('08). He found that strong sunlight in-

creased the peroxidase activity of extracts from the larvae of
Porthesia chrysorrhoea. Irradiation of the living larvae also
produced the increase, from which it was concluded that pho-
totropism was connected with cellular resDiration.

&

The
oxidase activity of irradiated Paramecia was studied by
Roskin and Schischliajewa ('34), but no conclusive results
were obtained.

2. Plants, a. In vivo studies. —There have been no data re-

ported on the effect of raying living plants on the activitv of
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peroxidase. The authors report studies of this problem in the

next number of this series.

2. Plants, h. hi vitro studies. —The effects of strong sun-

light were reported first by Bach ('08). The preparations

were exposed in Erlenmeyer flasks, and hence only the longer

ultra-violet reached the solution. The exposures lasted from

4 to 76 hours, with a progressive decrease in the activity of

the enzyme.

Jamada and Jodlbauer ('08), in an extensive study on the

effect of irradiating peroxidase of vegetable origin, reported

that horseradish peroxidase was injured by 15-minute ex-

posures to sunlight even when the light was filtered through

20 cm. of water to remove the infra-red. The injurious effect

of ultra-violet was shown by the fact that the activity of the

enzyme was lessened more by 25-minute exposures to sunlight

filtered through quartz than through ordinary glass. Expo-

sures to a mercury arc with 20 cm. of water used as a filter were

made. When ordinary glass was interposed there was some

injury, but when a quartz plate was substituted the injury was

very marked. It was also shown that the visible portion of the

spectrum, either from the sun or from a mercury arc, had no

effect in the absence of oxygen. The rays from an unscreened

mercury arc gave great injury in absence of oxygen, which was

a little increased if oxygen were present. From these data the

authors concluded that ultra-violet exerted its injurious effect

by a fundamentally different mechanism than did the visible

light. If eosin were present in concentrations of 1/2000 to

1/5000 N, the peroxidase was sensitized notably towards the

visible light. The results after 75 minutes were

:

Control per cent injury

Rayed 41 per cent injury

Rayed with eosin. . . .58 per cent injury

This paper contains excellent data illustrating the fact that

fluorescent substances may act as sensitizers by changing in-

cident light to more harmful wave lengths, or they may act as

protectors by degrading toxic to harmless wave lengths. Thus,
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in the present study, eosin and Bengal-red (1/10,000 N) sensi-

tized peroxidase to the visible light, when methylene-blue and
the sodium salt of dichloranthracene-disulphuric acid pro-

tected the enzjTne. In the case of methylene-blue, the injury

by visible light was lessened 50 per cent. Eosin in the ultra-

violet had no sensitizing action. In the absence of the visible

rays, it had a protective influence against ultra-violet, since it

absorbed some of the toxic waves and rendered them harmless.

In the absence of oxygen the visible could not act, hence eosin

also protected.

The fact that Karamitsas ('07) found that eosin did not

significantly sensitize peroxidase may be due to his use of

thinner glass tubes. If the ultra-violet were transmitted, then
eosin would exert a protective action toward these waves which
might cancel the added destructive power of the visible,

thereby giving the false appearance of inaction on the part of

the fluorescent compound.
Bering ('12) reported a stimulation of horseradish peroxi-

dase by irradiation. Exposure to strong sunlight in dosages
of .7 to 1.0 ''Finsen" units stimulated the subsequent forma-
tion of purpurogallin about 6 per cent. The unscreened mer-
cury arc gave only inhibition, but when filtered through a
rabbit's skin the rays stimulated peroxidase again about 6 per
cent. Experiments with filters showed that the red region
of the spectrum had no effect; the yellow and also the green
regions w^ere stimulative; the blue plus the long ultra-violet

stimulated about 12 per cent. The author concluded that those

rays which penetrate the skin stimulate the respiratory en-

zymes and therefore are physiologically important. Later
Bering and Meyer ( '12a, b) verified these results, and pointed
out that ultra-violet filtered through rabbit's skin stimulated
or inhibited peroxidase, depending on the concentration of the

enzyme. The unfiltered sunlight stimulated when the exposure
w^as short.

Capelli ('26) rayed a purified vegetable peroxidase and
found the mercury arc injurious. The solutions developed
ozone which may have caused an initial apparent increase in
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oxidative power. During this same year, Meyer ('26) pub-

lished a review in which he restated the belief that light acti-

vated the oxidizing enzymes, and was of therapeutic value on

that account. New data were given verifying the stimulation

of peroxidase by exposure to the mercury arc, but only when

the shorter irradiations were removed by a rabbit 's-skin filter.

Pincussen and Hammerich ( '31b) prepared a very concen-

trated horseradish peroxidase according to the method of Will-

statter. They mixed .4 cc. of the preparation with .2 cm. of .5

per cent hydrogen peroxide, and then diluted to 400 cc. with

water containing 1 gm. of pyrogallol. Aliquots of 20 cc. were

removed for the determination of purpurogallin. The reaction

was stopped by adding 10 cc. of 10 per cent sulphuric acid. The

color was extracted by 20 cc. of ether, and the ether solution

compared colorimetrically with a .57 per cent solution of

chromic acid. The enzyme solutions were diluted with 5 parts

of water. Acetate buffers were used to obtain pH = 3.4, 4.0, 4.6,

5.2, 6.0, and 6.4. The exposures lasted 30 and 60 minutes. The

light source was a '

' Vitaluxlampe '

' mecury arc with a glass cell

to filter out the heat rays. The enzyme was greatly injured

by irradiation. The pH had no great influence on the degree

of injury, although there was a greater diminution of activity

when the solutions were acid.

3. Theoretical considerations. —The effect of raying on per-

oxidase is subject to several sources of error. The ability of

ultra-violet rays to produce hydrogen peroxide in water has

been demonstrated by a number of students among whomwe

may mention Tian ('11). If sub-optimum concentrations of

peroxide are used in experiments, this additional substrate

for the enzyme may cause an increase in oxidation. This is

especially true of oxygenase, in which the slight amount of

peroxide formed would enable the otherwise inactive peroxi-

dase to act, obscuring the activity of oxygenase itself. Per-

oxides may also develop when oils are irradiated, as has been

worked out by Delore ('29) and others. These peroxides not

only act as an additional source of substrate for the enzyme,

but also cooperate with ultra-violet on their own account to ac-
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complish oxidation of the dye indicator. The peroxide also is

destroyed by ultra-violet, and Koeppe ( '30) has shown that the

liberated oxygen is in the nascent condition and easily oxidizes

guaiacol. The oxygen that develops when hydrogen peroxide

is decomposed by heat docs not oxidize guaiacol. From
Koeppe 's data, it is seen that false results may be obtained if

the enzyme is irradiated in the presence of the indicator.

The influence of ultra-violet on tautomeric equilibria is well

known. It is not improbable that substances which exist in a

keto-x)eroxide tautomeric equilibi-ium may have oxidative

powers due to this fact when affected by irradiation. The ex-

istence of an enol and a keto-peroxide form in cholesterin is

particularly significant, since Remesow ('32) has shown that

this keto form interferes, because of its oxidative power, with
the conventional Nadi tost for oxygenases.

Pincussen ( '30), in the most adequate discussion that has ap-

peared concerning the physiological effects of ultra-violet, has
pointed out that the mechanism of color formation in the per-

oxidase tests is very complex, and that the observed stimula-

tion may not be connected with the enzjnne itself. From the

discussion above, it is seen that this is indeed probable.

The few instances of stimulated peroxidase activity result-

ing from irradiation are probably due to some of the disturbing

factors discussed above. The theory that light, particularly

ultra-violet, owes any of its physiological effect to stimulated
oxidizing enzymes is to be disregarded. It is not known
whether the thermo-stable peroxidases react differently than
the labile tvDO.

E. DEIIYDKOGENASE

1. Animal tissues. —Krostownikoff ('27) prepared a dehy-

drogenase solution from horse muscle, using potassium suc-

cinate as the hydrogen donater. Evacuated tubes containing

the enzyme-succiuate-methylene bine mixture were rayed in a

water bath by a carbon arc. Since glass tubes were used, only

the longer ultra-violet reached the solutions. Exposure to the

carbon arc stimulated the rate of reduction of the methylene-
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blue. Control solutions containing no enzyme showed no re-

ducing power.

Junghagen ( '28) found that the succinic-acid and glycero-

phosphoric-acid dehydrogenases extracted from horse muscle

were rapidly destroyed by ultra-violet irradiation. Bertrac-

cini ('29) found that dehydrogenase of animal origin, as

studied by the reduction of m-dinitrobenzol, was increased by

small exposures to ultra-violet, but depressed by larger doses.

The work of Palmieri ( '33) was more extensive. He rayed

rabbit eyes for various periods, and then studied the reducing

power of the lenses by Thunberg 's method. Immediately after

raying, there was a slight increase in the rate of reduction of

methylene-blue, followed by a decrease, and finally, 3 days after

the irradiation there was a progressive increase.

2. Plants, a. Bacteria. —-The only data concerning the be-

havior of bacterial dehydrogenases depend on inferences

drawn from the work on Bacillus coU, already quoted, by Cook

and Stephenson ('28). These authors studied the relation of

the viability of the cell to its ability to oxidize aerobically glu-

cose and its fermentation products. Cell suspensions exposed

20 minutes to a mercury arc contained but 2.74 living cells per

1000, and exposures of 30 minutes killed all but 2 per 1000. The

substrates used were glucose, acetate, lactate, and formate.

When glucose w^as the substrate, the cells rayed 20 minutes

showed only about one-half as much oxygen use after a period

of 30 minutes, but after one hour the total oxygen use was about

equal to the control. The same was true of lactate and acetate,

and only in the case of formate was an undoubted inhibition

of oxygen use evidenced. The authors concluded, as has been

mentioned above, that no significant difference was found be-

tween the oxidation of dead and living cells. It should be men-

tioned, however, that the objections to their technique, already

described, are pertinent also to this interpretation.

2h. Higher Plants. —The dehydrogenases of plants have not

been as well studied as those of animals, and therefore the

extensive paper by Lehmann ( '22) is of particular importance.
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The seeds of Phaseolus vulgaris were ground very fine and .05

gm. placed In Thunberg tubes. Besides the meal, each tube

received .1 cc. of 1/5000 methylene-blue, .1 cc. of 1/10 N potas-

sium biphosphate as a buffer, .5 cc. of potassium malate as a

hydrogen donator. "Water was added to give a total of 1 cc.

The potassium malate solution wa« made by dissolving 346

mgms. in 10 cc. of water. The tubes were evacuated and the

time required for the reduction of the methylene-blue recorded.

The dry powder was rayed with a carbon arc at a distance of

40 cm., with the following results

:

Control required 21 minutes for reduction

Rayed 100 minutes. . . .required 19 minutes for reduction

Rayed 240 minutes .... required 43 minutes for reduction

It is significant, as will be pointed out later, that a stinmlation

occurred when the sanqjle was rayed 100 minutes.

3. Xanthine dehydrogenase, —Some authors consider the

aldehyde oxidizing system In milk to be cat alyzed by an enzyme
distinct from that concerned in the oxidation of xanthine. It

seems logical that substrates differing from each other as

greatly as do aldehyde and xanthine should be activated by dif-

ferent enzymes. Most writers believe, however, that a single

enzymic system is concerned.

Romer and Sames ('10), in the paper referred to above, re-

ported the effect of raying cow's milk on the dehydrogenase
(reductase). They used methylene-blue as an indicator in the

presence of formaldehyde. Exposures to a Heraeus mercury
arc at a distance of 15 cm. for various periods gave a small in-

crease at shorter exposures and then a decrease, although even

2 hours of irradiation did not completely destroy the enzyme,
as is shown by the table

:

Control reduced methylene-blue in 6 minutes

Rayed i/^ hour reduced methylene-blue in 4 minutes

Rayed 1 hour reduced methylene-blue in 6 minutes

Rayed 2 hours reduced metliylene-blue in 30 minutes
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This same reaction was studied by Reinle ('21) and the re-

sistance of the dehydrogenase to ultra-violet verified. His ab-

breviated results are

:

Fresh milk reduced methylcne-blue in ly^ minutes

Rayed 10 minutes . reduced methylene-blue in 8 minutes

Rayed 30 minutes . reduced methylene-blue in 12 minutes

Rayed 1 hour reduced methylene-blue in 15 minutes

Raved 2 hours. . . .reduced methvlene-blue in 19i/> minutes

Rayed 3 hours .... reduced methylene-blue in 24 minutes

Rayed 4 hours .... reduced methylene-blue in 31 minutes

Injurious effects of the same order of magnitude were again

obtained by Pincussen and Oya ( '29 ) . They mixed 1 part fresh

cow's milk with 1 part of M/3 phosphate buffer and 1 pai't of

water, and added 5 cc. of this mixture to .3 cc. of a methylene-

blue solution. The methylene-blue solution was prepared by

mixing 5 cc. of saturated alcoholic methylene-blue with 5 cc. of

formalin, and diluting to 200 cc. with water. The milk-buffer

mixture was rayed in thin layers at a distance of 20 cm. from

a mercury arc for 1 hour. The dehydrase (aldehydrase) was

weakened about 50 per cent.

Bernheim and Dixon ( '28) studied the effect of light on xan-

thine oxidase of fresh milk, the caseinogen preparation of

Dixon and Thurlow, and on the whey preparation of Dixon and

Kodama. Hypoxanthine or aldehyde were the hydrogen do-

nators, and methylene-blue or nitrate were the hydrogen ac-

ceptors. The reduction of the methylene-blue was followed in

Thunberg tubes. Moderate irradiation by a carbon arc or by a

100-watt filament bulb e:ave e-reat stimulation when traces ofto""' ^ O
oxygen were present. Long exposures were inhibitory. Both

of these effects were found to be due to the formation of traces

of hydrogen peroxide. The first stage of oxidation of the oxi-

dase by the peroxide caused an increase in its activity, while its

further oxidation lessened its activity. This interpretation is

made probable by the fact that 1/100,000,000 Mhydrogen per-

oxide gave stimulation. Higher concentrations than these

destroy the enzyme. The intensity of the effect depends on the

amount of enzyme present.
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4, Theoretical considerations. —It is interesting to note that

small increases of dehydrogenating activity, when the period

of irradiation was short, were observed in milk by Eomer and
Sames and by Krestownikoff, and in animal tissues by Bertrac-

cini, by Krestownikoff, and by Palmieri.

Despite the few published papers on the subject, it is evident

that dehydrogenases are particularly resistant to ultra-violet

destruction. It would be interesting to compare the resistance

of the oxidases under similar in vivo conditions. The work on
xanthine dehydrogenase (known more commonly as ''xanthine

oxidase") furnishes the most convincing evidence at hand of

the stimulation of an oxidizing enzyme by ultra-violet light.

The fact that methylene-blne can act as the hydrogen acceptor

in the absence of oxygen, and that formaldehyde can be sub-

stituted for xanthine or hypoxanthine as the hydrogen donator
suggests an explanation for the several instances of dehydro-

genase stimulation described above. In many of these ex-

periments, the preparations, particularly those of indefinite

composition, may have been exhibiting the typical xanthine-

oxidase reaction rather than that of the supposed dehydro-

genases. This seems the more probable when it is recalled that

xanthine and its derivatives, and xanthine- activating systems,

are widely distributed in nature.

Meldrum ('33) has summarized tlie characteristics of this

interesting enzyme. He points out that it differs from the

usual dehydrogenases in that the dehydrogenase inhibitors,

such as vanillin, urethane, dicthylurea, propionirile, etc., do
not lessen its activity, nor is it inhibited by hydrogen cyanide
or hydrogen sulphide. It contains neither cytochrome nor an
oxidase. From these facts it is seen that the enzyme is funda-
mentally different from dehydrogenase of the succinate de-

hydrogenase type.

V. SULPHYDRYLCoMrOUNDS

A. EXPERIMENTAL

first reversibly oxidizable substance of known composi
be isolated from tissues was glutathione. In later years
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it has assumed great importance in respiration chemistry,

although comparatively few students have studied it in con-

nection with the problems of ultra-violet biology.

Glutathione bears an intimate relationship to many enzyme

systems, and it has also been considered to be a factor con-

cerned in the proliferation of cancer tissue. In view of the ef-

fect of raying cancer tissue with ultra-violet, Woodward ( '33)

irradiated glutathione in pure solution. She used a Uviarc at a

distance of 25 cm., and irradiated the solution in thin layers on

an ice bath to eliminate destruction by the heat. The destruc-

tion of the glutathione, as well as the oxidation of sulphydryl

group generally, was found to depend on the pH, on the time of

exposure, and on the concentration of the sulphydryl com-

pound. At pH = 7.0, the oxidation of the sulphydryl compound
to the disulphide proceeded more rapidly than destruction, and

this process is therefore probably a primary step in the de-

structive effect of ultra-violet on glutathione. The destruction

seemed to be a progressive oxidizing effect rather than the lib-

eration of inorganic sulphide or free sulphur.

Bersin ( '33) based his study of the sulphydryl compounds on

the fact that papain had been shown to be activated by hy-

drogen sulphide or by such thiol compounds as cystein or

glutathione. This activation involves a reduction. In opposi-

tion to Woodward, Szendro had shown that cystein developed

from cystine when exposed to ultra-violet light. The work of

Szendro was repeated by Bersin ( '33) and found to be correct.

He rayed the substance, HOOC.CH(CH3).S-S.C(CH3).COOH
and found that it went to the reduced form. This experiment

took place in a hydrogen atmosphere, while Woodward ir-

radiated her solution in air. Bersin assumed that papain was
a disulphide, PaSSPa, which became activated when reduced

to the PaSHform by irradiation in hydrogen.

Pincussen and Takahashi ('33) removed the organs from
animals 30 minutes after raying them and determined their

gluthathione content. These authors irradiated with infra-

red, blue, orange-red, and yellow. The latter was obtained by

a sodium-vapor lamp and a significant amount of ultra-violet
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Avas present. The sodium lamp produced in general a small

increase in the glutathione content, with no significant dif-

ference when the ultra-violet was removed by filtration.

Wels and Jokisch ('33), Wels ('33), and Wels and Hesse
('34) have shown that egg albumen whcMi rayed in nitrogen

with ultra-violet developed a reversibly oxidizable body, prob-

ably a sulphydryl compound. It is very probable that irradia-

tion of living tissue produces some similar result which cannot

but be of importance to the respiratory processes.

B. THEORETICALCONSIDERATIONS

The apparently contradictory results of Woodward and

Bersin are to be explained by the fact that Woodward rayed

her solution in air, while Bersin used a hydrogen atmosphere.

Wels and his co-workers state that when Qgg albumen is rayed

in air, the oxidized form of the reversible oxidizable body oc-

curs, while in nitrogen it is the reduced form.

This difference of effect, depending on the presence of oxy-

gen, has a possible explanation in the fact that ultra-violet rays

cause water to split off hydrogen in small quantities. If air be

X^resent, then hydrogen peroxide results, and this peroxide is

responsible for an oxidizing effect. In the absence of oxygen,

this "active" hydrogen could be taken up by any reducible

body, causing reduced forms to develop. While these reactions

undoubtedly occur, there is also the direct effect of the ultra-

violet itself to be considered. Hence, the ultra-violet may cause

the reversibly oxidizable body to develop from protein, but the

presence or absence of oxygen would determine, by the above
suggested mechanism, whether this substance would appear
in the oxidized or reduced state.

VI. Conclusions

A review of the published data concerning the effect of ultra-

violet on oxidizing enzjanes in vitro shows, with the exception

of xanthine oxidase, generally destructive effect. Agulhon
('12) has described three classes of enzymes depending on the

part that ozygen plays in their photodesti-uction.
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1. Invertase, oxygenase (laccase), and tyrosinase are de-

stroyed only in the presence of oxygen by visible rays and are

less rapidly attacked by ultra-violet in vacuum, the rapidity

depending on the amount of hydrogen peroxide that develops.

2. Catalase and emulsin are destroyed in vacuum by all

radiations, but less actively in vacuum than in oxygen.

3. Rennet is insensible to the visible radiations, but is at-

tacked by ultra-violet with equal intensity in vacuum and in

oxygen.

Are these three classes of enzjTiies dependent on their in-

herent differences, or are these divisions only apparent, de-

pending on some activity of impurities, or on the nature of the

substrate? To these questions Agulhon wisely replies that

the present state of knowledge is too incomplete to allow defi-

nite answers.

The various degrees of injury reported by different workers

are not to be considered as inconsistent nor surprising, since

many factors both known and unknown are cooperating to give

observed effect of studies

carried out in vivo.

Despite the efforts of a few writers to correlate physiological

phenomena due to raying with the effects on individual en-

zymes, it may be said that such correlations are based upon
very insecure evidence. The profound difference between ray-

ing enzymes in vivo and in vitro itself argues against any such

conclusion. The few data reporting similar reactions in vivo

and in vitro of peroxidase and catalase require further

verification.

Finally, we must conclude that it is not possible at the

present time to analyze the effect of ultra-violet light on res-

pirational metabolism into its various components.
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